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OBJECTS AND RULES 


OF 


TUE ASSOCIATION. 


OBJECT S. 

Tite Association contomplates no intorfcreucc with tho ground occupied by 
other institutions Its objects arc —To give a stronger inipulse aud a more 
systematic direction to sciontihc inquiry,—to promote the intercourse of those 
who cultivate Science in different parts of tho British Empire, with one 
another and with foreign philosophers,—to obtain a more general attention 
to tho objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 


RULES. 

Admission of Members and Associates. 

All persons who have attended tho first Meeting shall be entitled to be¬ 
come Members of the Association, upon subscribing an obligation to con¬ 
form to its Rules. 

The Follows and Members of Chartered Literary and Philosophical So¬ 
cieties publishing Transactions, m the Bntish Empire, shall bo entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of tlie Councils, or Managing Committees, of 
Philosophical Institutions shall be entitled, m like manner, to become Mem¬ 
bers of tho Association. 

All Members of a Philosophical Institution recommwidcd by its Council 
or Managing Cominittoo shall be entitled, in like manner, to become Mem¬ 
bers of the Association. 

Persons not belonging to su^h Institotions shsU be elected by tho General 
Oommittee or Council, to beeomo lifo Members of the Association, Annu^ 
Subseribers, or Associates for the year, subject to the approval of a General 
Meetiag. 

Campo^iionsj Svbscripiwn*, cmd Pnt^y<s. 

Lcn Mjimwas shall paT, on admission, the sum of Ten Pounds. Tbej 
lAisU teoelire the Reports of the Assooiatibn which may be pub-> 
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liahod flftor tho date of such payment They are eligible to all the offices 
of tho Association. 

Annum. SuitsciiiBEHS shall pay, on admission, tho sum of Two Ponnds, 
and in each following year tho sum of Ono Pound. They shall receive 
gratuttonjuhj the Reports of tho Association for tho joar of their admission 
and for the years in which tliey continue to pay wtthonl tnUrmusion their 
Annual Subscription By omitting to pay tins Suastnption in any particu¬ 
lar year, Members of this class (\nnual Subaenbers) lorn for Umi and^ll 
future yearn the pmnlegc of rcc(‘]\'ing tho volumes of the Association gmtie 
but they muj resume their ^[embciship and othci piivilogos at uuj sub¬ 
sequent Meeting of tho Association, paying on each s\uh occasion tho sum of 
Ono Pound. I'hey are eligible to all tho Offices of the Association. 

Associatfs for the year shall pay on adinisMon tho sum of Ono Pound. 
They shall not rtecivo (fiatnttoyibhf tho llejxuts of the Association, uor be 
eligible to serve on Committees, or to hold any office 

Tho Association c onsists of tho following classes — 

1 Life Members admitted from 1831 to 184r> inclusive, who have paid 
on admission Five Pounds as a composition 

2. Life Members who in 184(5, or m subscipicnt years, ha\ c paid on ad¬ 
mission Ten Pounds as a composition 

3. Annual Members admittc*d from 1831 to 1839 incluBive, subject to tho 
payment of One Pound anuuallj. [May resume their Membership after in¬ 
termission of Annual Payment ] 

4. Annual Members admitted in any year since 1830, subject to the pay¬ 
ment of Tw'o Pounds for the first year, and Ono Pound in each following year. 
[May resume their Membership after intermission of Annual Payment j 

5 Associates for the year, subject to the payment of Ono Pound. 

6 Corresfionding Membei*s nonimatecl by the Council. 

And the Members and Associates will bo entitled to receive tho annual 
Tolume of Reports, yraUsy or to imrcltase it at reduced (or Members’) price, 
according to tho following specification, vir — 

1. Qraiis —Old LlTo Members who have paid Five Pounds as a compo¬ 

sition for Annual Payments, and previous to 1845 a further 
sum of Thvo Pounds as a Book Subscnption, or, sinco 1846, a 
further sum of Five Pounds 

New Life Members who have paid Ten Pounds as a composition. 

Annual Members who have not intermitted their Annual Sub¬ 
scription. 

2. At reduced or Memhers* nz. two thirds of tho Publication 

Price.—Old Life Mcrabora who have paid Five Pounds as a 
^composition for Annual Payments, but no further sum as a 
'Book Subscnption 

Annual Members who have intermitted their Annual Subscription* 

Associates for the year. [Pnvilego confined to tho volume for 
that year only ] 

8. Members may purchase (for the purpose of completing their sets) any 
of the first seventeen volumes of Transactions of the Assooia- 
ti6ii, and of which more than 100 copies rematn, atone third of 
the Publication Price. Application to be made at the Office 
of tho Association, 22 Albemarle Street, London, W. 
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Volumes not claimed within two years of the date of publication can only 
bo issued by directioa of the Council. 

Subscriptions ahull be rccoivod by the Treasurer or Secretaries, 


Meetxnys, 

The Association shall meet annually, for one w'eek, or longer The place 
of each Meeting shall be appointed by the General Committee two yours in 
ttdvauce, and Uic ArruugemenU lor it shall bo ciitiustcd to the Officera of 
the Association. 


General Committee, 

The General Committee shall sit duiing the week of the Mooting, or 
longer, to tiansact the busincas of tho Association. It shall consist of the 
tolloWing IKJIMOUS, — 

Class A. pLnaiANENr Mlmulrs. 

1, Members of the CuuhliI, Piosidents of tlie Association, and Presidents 
of Sections for tho present and precechng yeai-s, Mith Authors of llcports in 
the TranHucLions ot tho Association 

2 Mombci*s who by the publication of Works or Papers liave furthered 
the advancement ot thoso subjects which arc taken into eonsidoration at the 
Sectional Mtclinga ot the Association. a vktw of t^uhmUUng new claims 

nmlet tins Jiule to the (hcifiWti of the Counal^ they muU ht »mt to the Absxstaiii 
Cmetal Sicntaiy at leant one month hijore the Meeting of the Asnociation, 
The densxon of the Comicd on the datnu of any Menihci oj the Association to 
he placed on the hnt of the Qtneial Conimitlee to be Jiml, 

Class lb Tempobart Meh bees 

1. The President for the time being of any Scientific Society publishing Trans- 
actious or, in his absence, a delegate repieseiiting him Claims under tlm Rule 
to he sent to the Assistant Qeneral Secretary before the opening of the Meeting, 

2. Office-boaroia for the tunc being, or delegates, altogether not exceeding 
three, from Scientific Institutions cshiblished in the place of Meeting. 
CJax^ns under this Rule to he approved hy the Local Secretaries before the 
openinq of the Meeting, 

3. Foreigners and other individuals whose assistance is desired, and who 
are specially nominated lu writing, for tho Mcotuig of the year, by the Pre¬ 
sident and General Secretanos. 

4. Vico-PrcBidents and Secrctanes of Sections. 

Organi£ing Sectional Committees^^ 

The Presidents, Vice-Presidents, and Secretaries of the several Sections 
ore nominated by the Council, and have power to act until ihoir names are 
submitted to the General Committee for election. 

From the time of their nomination they constitate Organizing Committees 
for the purpose of obtaining infonnatiou upon the Memoirs and Reports 
likely to bo submitted to the Sectionst, and of preparing Reports thereon, 

1 ^ 'I'® Oeiwral CSommittee, EdinXmrgh, 1871 

* Omtnlmtors Mimocrj.—Aatbon are rsimitdcd tiiat, under an arrange* 

meat dating (rooi 1671, the aooepUnce of Memom, end the daye on whuh they ^ to be 
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and on the order in which it ia desirable that they should be read, to be pre¬ 
sented to the Committees of the Sections at thoir first Meeting 

An Organising Committeo may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, under any circum¬ 
stances, meet on the first Wednesday of the Annual Meeting, at 11 a M , to 
settle the terms of their Report, after which their functions as an Organizing 
Committee shall cease 


Constilutton of the Sectional Committees^* 

On the first day of the Annual Meeting, the rrcsident, \iee-Presulents, 
and ftccrctnnos of each S<Htion having been appointed hy the Oencral Com¬ 
mittee, those Officers, and Uioso picMous rresulents and Vice-Presidents of 
the Section who may desire to attend, are to moct, at 2 r m , m their Com¬ 
mittee Rooms, and enlarge tlic Sectional Committees by selecting individuals 
from among the Members (not Associntcs) present at the Mw'ting whose as¬ 
sistance they may particularly d<*siro The Sectional Com nut toes thus con¬ 
stituted shall have powxr to add to their number from (Liy to day 

The List thus formed is to be entered daily in the Sectional Minute-Rook, 
and a copy forwarded without delay to the Printer, who is charged with 
publishing the same befoio 8 am on tho next day, in Iho Jouniul of the 
Sectional Proceedings. 


Business of the Sectional Committees^ 

Committee Mccliiigs are to bo held on the Wednesday nt 2 P h , on tho 
foRowing Thursday, Fnday, Saturday, Monday, and Tuesday, from 10 to 
11 A M , punctuallj, for the objects stated in the Rules of the Association, 
and specified below 

The business is to be conducted in the following manner*— 

At tho first meeting, one ol tho Secrctanes wiU read tho Minutes of last 
year’s pioci^edings, as recorded in the Minute-Book, and the Synopsis of 
Recommendations adopted nt the last Meeting of the Association and printed 
in the last volume ol the Transactions. He will next proceed to read the 
Report of the Organizing Committee t- The List of Communications to be 
read on Thursday shall bo then arranged, and the general distribution of 
business throughout the week shoU be provisionally appointed. At the close 
of the Committee Meeting tho Secretaries shall forward to the Pnntor a List 
of tho Papers appointed to be read. Tho Printer is obarged with publishing 
the same before 8 a m on Thursday m tho Journal. 

On the second day of the Annual Meeting, and tho following days, tho 

r«ad, are now m far aa posBible determined by Organmng Committeea for the eeveral 
Seotaons h^ore the bffftnntnq of thr It haa therefore become nooewaury, in order 

to give an opportunity ^ the Committees of doing justice to the aeretal Oommamoatiotiii, 
that each Author should prepare an Abstract of bis Memoir, (rf a length eintable for in- 
aertion in the publwlicd Transactions of the Association, and that should send it, to^« 

ther with the oridnal Memoir, by book-post, on or before.... addressed 

thus—“ Qeneral Seoretarias, British Asreoiation, 22 Albemarle Sfcr^ London, W. For 

Section. ** If it should be inconvenient to the Author that his Paper idionld be read 

OB any partioalar days, be is requested to send infonnation thereof to the Secretaries In • 
e^penite note 

* Passed by the General Committee, Sdinborg^ 1871. 

t This sJia the following senteoos were a^led bf the General Committee, 1871. 
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Sooretarios are to correct, on a copy of the Journal, the hat of papers which 
have been road on that day, to odd to it a list of those appointod to be read 
on the next day, and to send this copy of the Journal as early in the day os 
possible to the Printers, who are charged with piinting the same before 8 a.m. 
next morning in the Journal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Office and revise the proof each 
evening 

Minutes of the proceedings of every Committee nre to bo entered daily in 
the Minutc-Book, which should bo eonfijujed ut the next meeting of the 
Committee 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Mmute-Book daily, v\hieh, with all J/moiM and or Abstracts 

of Memotrs fui ninTied by AuthorSy lue to be -forwardedy at the close of the Sec¬ 
tional Meetint/^y to the Assistant Oenerul b'ecretary 

The Vice-Presidents and Hecrotaiiea of Sec lions become cr officio temporary 
Members of the (iLnoral Comnnttoo {nde p. xix), and will rc.'CCivo, on ap¬ 
plication to the Treusuur in the Reception Room, Tickets entitling thorn to 
attend its Meetings. 

The Comnutteea will take into consideration any suggostions which may 
be offered by their Members for the advancement ot Sciomo They are 
specially mpiestcd to review the recommendations adopted at preceding 
Meetings, as published in tho volumes ot the Association and the cornniuni- 
eationa made to tho Sections ut this Meeting, for the purposes of seloctuig 
dofinite points of reseunh to whnh individual or combined exertion may be 
usefully direcUd, and branches of knowledge on tlie state and progross of 
wluoh Reports are wanted, to name individuals or Comnnttecs tor tho exe¬ 
cution of such Repoitw or researches , and to state whether, and to what de¬ 
gree, these objects may bo usefully advanced h} the appiopnation of the 
funds of tho Association, by application to Ciovernment, Philosophical Insti¬ 
tutions, or Local Autbonties. 

In case of appointment of Committees for special objects of Science, it h 
expedient that all Members of the Committee should be named, and one of 
ihem apjpmnied to act as Secretaryy for tv^umny attention to biisiness. 

Committees have power to add to their number persons whoso assistance 
they may require. 

The recommendations adopted by the Committees of Sections are to be 
n'gistered m tho Forms furnished to their SocTctancs, and one Copy of each 
is to be forw'ardcd, without delay, to the Assibtatit General Secretary for pre¬ 
sentation to tho Committee of Recommendations, Unless this be done, ih$ 
Recommendations cannot receive the sanction of the Association. 

Becommendations which may originate m any one of the Sections 
must first he saiutioned by the Committee of that Section before they con be 
referred to tho Committee of Recommendations or confirmed by the General 
Committee 


Noixeei Regarding Granie of Money. 

Committees and individuals, to whom grants of money have been entrusted 
by the Association for tho prosecution of particular roscorches m Science, 
ore required to present to each following Meeting of the Association a 
of the pisogress which has been mode; and the Individual or the Member first 
named of a Committee to whom a money grant has been made must (pn - 
to the next meeting of the Association) forward to the General 
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Becretaries or Treasurer a statoment of the sums which hare been expended, 
and the balance which remains disposable on each grant. 

Grants of money sanctioned at any one meeting of the Association expire 
a week before the opening of the ensuing Meeting, nor la the Treasurer 
authorized, after that date, to allow any claims on account of such grants, 
unless they bo renewed in the onginal or a modified form by the General 
Committee. 

No Committee shall raise money in the name or under the auspices of the 
British Association without special permission from the General Committee 
to do so; and no money so taiscd shall be expended except in accoi dance 
with the rules of the Ahsocmtion 

In each Committee, the Member first named is the only porHon entitled to 
call on the Treasurer, Piofessor A W. WilhamHon, Cnucr'^it) College, London, 
W.C,, for such portion ol the sums granted may fioiu time to time be 
required. 

In grants of money to Committees, the Association docs not contemplate 
the pajTDCDt of poisonal expenses to iho raembois 

In all cases where additional giants of money are made for the continua¬ 
tion of Kosoaichos at the cost of the Association, the sum named la deemed 
to indudo, as a poit of the amount, uliateiei balance may rcnioin unpaid on 
the former grunt for the same object 

All Instruments, Papers, Drawings, and other projierty of the Association 
are to bo deposited at the Oifico of the Association, 22 Albemarle Btroot, 
Piccadilly, London, , when not emplojcd in canying on scientific inquiries 
for the Association. 


Business of the SectioJis, 

The Meeting Iloom of each Section is opened for conversation from 10 to 
11 daily. The Seciton JHoomH and approachei thei eto can he xmd for no mUceJUf 
eaduhitionSf or other purposes than those o/ the Assoeuxtion 

At 11 precisely the Chuir will be taken, and the reading of communica¬ 
tions, in the order pieiiously mado public, be commenced. At 3 ru. the 
Sections will close 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications dc- 
Lvered m may render such diMsions desirable. 

A Report presented to the Association, and road to the Section wliich 
originally called for it, may bo read in another Section, at the request of the 
Officers of that Section, with the couBent of tho Author. 


» Duties of the Doorkeepers. 

1, —To remain constantly at the Doors of the Rooms to which they ore ap¬ 

pointed during the whole time for which they are engaged. 

2, —To require of every person desirous of entering the Rooms the exhibi¬ 

tion of a Memberia, ABsooiute’s or Lady’s Ticket, or Reporter’s Ticket^ 
aigned by the Treasurer, or a Special Ticket signed by the Assistant 
General Secretary. 

3, —Persons unprovided with any of these Tickets can only be admitted to 

any particular Room by order of the Secretary in that Room. 

No petaou is exempt from these Rules^ except those Officers of the Asao- 
mation names are printed. 
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Duties of the Messengers^ 

To remain constant!) at the llooms to which they arc appointed, dunng 
tho whole time for whuh tho^ are cn^igtd except when employed on mes¬ 
sages by one of the Officers directing thtso Kooms 


Committee of Recommendations 

T^o Gtncral Committee shall appnnt at ta(h lifecting n Committee, whnh 
shall receive and lonsidor the llecommcndaTif ns of the Sectional Committees, 
and ropoi^ to the Genonl Committeo the rntosiires which they would advii^e 
to bo ad >pted for the advancement of S lenct 

All T?c( ommondations of (trants of Money Itequcsts for Spccnal Host arches 
and Reporti on Scientihc Subjuts shall bo submitted to tho Committee ol 
R( commendations and not tal tn into consider ition by the General C imnuttoo 
unless previously recomraendt d by tho Committee of liocommcndations 


Local Committees 

Jjocal Committees sh ill bo f irm d b> tho Offleors of tho Association to 
assist in making arrang menta for tho Meetings 

Local Committeos shall have the power of aelding to thoir numbers those 
Members of tho Association whoso assistance they may desire 


Officers* 

A President two or moro Vice Pn sidcnts ono or more Socretanes, and a 
Treasurer shall be annually appointed by tho General Committoo 


Oouncil 

In the intervals of the Meetings, tho affairs of tho Associatien shall be ma¬ 
naged by a Council appointed by tho General Committee Iho Council may 
also assemble for the despatch of business dunng tho week of tho Meeting 


Papers and Communications 

The 4uthor of any paper or communication shall bo at bbertj to reserro^ 
his nght of property therein 

Accounts 

The Accounts of the Association shall be audited annuallj, by Auditors 
appointed by the General Committee 
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REPORT- 1876 , 


Pretidents and Secretaries of the Sections of the Association. 


Dftte And Place Preetdente, i Seoretanm 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COKHITTEE OF SCIENCES, I-MATHEMATICS AND OENFRAL PHTSICS 

1832 Oxford Davies Gilbert, D C L, F R S Rev H Coddington 

1833 Cambnd|» Sir D Brewster, F B S Prof Forbes 

1834. K^nbur^ Rev W Whowoll, FRS Prof Forbes, Prof Lloyd 

SECTION A -MATHEMATICS AND PHYSICS 

1836 Dublin .. Rev Dr Robinson Prof Sir W B Hamilton, Prof. 

I Wheatstone 

1836 Bristol Rev William Whewell, F R S Prof Forbes, W S Hams, F W 

Jerrard 

1837 Liverpool Sir D Brewster, FRS W S Hams, Rev Prof Powell, Prof. 

, Stevelly 

1888 Newcastle Sir J F W Hersohol, Bart., Rev Prof CThevallior, Mmor Sabme, 
FRS Prof Stevolly 

1839 Birmingham Rev Prof Whewell, FRS ... J D Cbsnoe, W Snow Hams Prof. 

Stevelly 

1840. Glasgow Prof Forbes, FRS Rev Dr Forbes, Prof Stevelly, Arch. 

Smith 

1841 Plymouth Rov Prof Lloyd FRS Prof Stevelly 

1842 Manoheeler Very Rov G Peacock, D D , Prof M‘Culloch, Prof. Stevelly, Rev. 

FRS W Sooresby 

1843. Cork , Prof M'Culloch, M RIA J Nott, Prof Stevolly 
1844 York ,,,, The Earl ot Bosse, FRS Rev Wm Hey, Prof Stevelly 

1846 Cambridge The Very Rev. the Dean of Ely Bov H. (Goodwin, Prof Stovelly, G. 

G Stokes 

1846. Southampton Sir John F W Herschel, Bart, John Drew, Dr. Stevelly, G, G, 

FRS Stokes 

1847. Oxford Rev Prof Powell, M A., F R.S Rev H Pnoe, Prof Stevelly, Q. G. 

Stokes 

1848 Swansea Lord Wrottesley, F B S ... Dr Stevelly, G G. Stokea. 

1849. Birmingham William Hopkins, FJl S Prof Stervelly, G G Stokes, W. 

Bidout Wills 

1860 Edinburgh Prof J D Forbes, F B S, See. W J Maoquom Rankine, Prof Smyth, 

R.8 E Prof SteveUy, Prof G G Stokes 

1861 Ipswich.... Rev W Whewell, DD, PBS, 8 Jackson, W J Maoquom Rankine, 

&c Prof Stevolly, Prof G G Stokes. 

1862 Belfast . Prof W Thomson, M A, F B S Prof Dixon, W J. Macquom Ban- 

L. A E. kine, Prof Stevelly, J T^dall 

1863 Hull. ...The Dean of Ely, F B S. . ... B Blaydes Haworth, J J) SoUiU, 

• ' Prof SteveUy. J. Welsh. 

1864. Idverpool Prof O G. Stokes, M A., See J Hartnup, H. G Puokle, Prof, 

^ R.S, SteveUyTj l^daU, J Weli^ 

1865. Glasgow Rov Prof. Kelland, MJl, F B B. Rev Dr Forbes, Prof. D Gray, Prof, 

LAE Tyndall. 

1866. Cheltenham Bev R. Walker, M A., F.BJ3 0 Brooke, Rev T. A Southwood, 

- * Prof SteveUy, Bov J. C TombidL 

J867. Dublin.. . Sev.T. B, Bo)b(nson,D D ,F B,S., Prof. Curtis. Ph)f Hennem, P* A. 
' M.R.I.A. t Ninhlii. W J« Macqnom Bimkfne, 

. Prof fifeerelly 

l44d» Bev. W.Whewell,D,D.,V.(.E.S.Bef. S. Samahnw, J, F. Henneisyi, 

Prof. Stevelly, H. J. S 6mith, Pw. 

' Vytidall 
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Date and Place Prendenta Seoretanu. 

__ / 

1859 Aberdeen . The Karl of Rosae, M A,, K P J J P IlenneMy, Prof Maxwell, H J S. 

F R S Smith, Prof Stevelly 

1860 Oxford , Bov, B, Price, M.A. F R S .. Rev O. C Bell, Rev T Rennison, 

Prof Stevelly 

1861 Manchester O B Airy, M A , D C L, F B S Prof R B Clifton, Prof H J S 

Smith, Prof. Stevelly. 

1862 Cambridge Prof O O Stokes, M A, P’ B 8 Prof B B Clifton, Prof H J 8 

Smitli, Prof Steveily 

1863 Newcastle Prof W J Maoquom Rankine, Bev N Ferrers, Prof, lailler.F Jenkin, 

C.E , F K S Prof Stevelly, Bev C T Whitley. 

1864. Bath Prof Cayley, MA, FBS,Prof P^Uer, F Jenkm, Bov 6. 

F B A S Buckle, Prof Stevelly 

1865 Birmingham W Spottibwoode, M A., FRS.Rov T N Hutchinson, F Jenkin, (4 

FRAS S Mathews, Prof H J S Smith. 

J M Wilson 

1866 Nottingham Prof Wheatstone, D.C.L , F.B S Fleeming Jenkin, Prof, H. J S Smitb^ 

Rev S N Swann 

1867 Dundee , Prof Sir W Thomson, D C L, Rev G Buckle, Prof G C F<Mter, 

F B S Pro! Fuller, Prof Swan. 

1868 Norwich Prof J Tyndall, LL D , P R S Prof G. C Foster, Rev R Harley, 

K B Hayward 

1860 Exeter . Prof. J J. Sylvester, LL D., Prof G C Foster, R B Hayward, 
FRS. W K Clifford 

1870 Liverpool J Clerk Maxwell, M A , LL D , Prof W G Adams, W K Clifford, 

FES Prof G 0 Foster, Rev. W Alien 

Whitworth 

1871 Edinburgh Prof P G Tait, FRSE Prof W G Adams, J T Bottomler, 

Prof W K Clifford, Prof. J D. 
Everett, Rev R Harley 

1873, Bnghton . W Do La Rue, D C L , F R.S . Prof W K Clifford, J W L. Glaisher, 

Prof A 8 Hersohel.G P Rodwell. 
1873, Bradford ... Prof H J S. Smith, FRS,, Prof W K Clifford, Prof Forbes, J 

W H GUisher, Prof A S Herschel 
1874 Belfast. . Bev Prof J H, Jellett, M,A, J W L Glaisher, Prof Herschel, 
M RI A BandolNixon, J Perry, G P Bod- 

well. 

1876 Bristol . Prof. Balfour Stewart, MA.ProfW P Barrett,JW L Glaisher, 
LL D , F.R S C T Hudson, G F Rodwell 

1876. Glasgow Prof Sir W Thomson, M A , Prof W F Barrett, J T Bottomley, 
D C L., PBS Prof G Forbes, J W L Glaisher, 

T. Muir 


CHEMICAL SCIENCE. 


OoiocmKB or soiEwose, u.—cHjunsTKr^ MiirEBALoor. 

1833, Oxford . John Dalton, D C L , F BB James F W Johnston 

1833. Caxnbndge John Dalton, D.C L, F.R S. Prof Miller. 

1884. Edinburg. Dr. Hope.Mr. Johnston, Dr Chriiiuon 


BEOnON B.—OHRJUBTRT AND MPTMALOQT, 

18S5, DttbLm .. , Dr T. Thomson, F.R.6. .. Dr. Apiohn, Prof. Johnston 

18^ .. . Bov. Prof. Camming .Dr. A|john, Dr Hesu 7 , W. Hera* 

{tplth. 

1W7. UTwpool.. UicdiMl VS.A, .Vrof. Prof. MOImv Ibv 

RMrnolfft. 

am, B«r.WfflUm WbawtU, PA.8.... Pm£ pibr, B. X.P*ttiiuM. TImbm 

BiebArdton. 
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Date and PUoa. Freaidenta. Secretaries. 

ISSOc Binxun^haxn Prof T Q-raham, F.R S ... . Golding Bird, M D, Dr J. B Melaon 
1840. Glasgow Dr ThonuM ThomBon, F R S Dr R D Thomson, Dr T Clark, 
I Dr L Playfair 

1841 Plymouth Dr Daubeay, F R 8 ... J Pndeaux, Robert Hunt, W, M. 

1 weedy 

1842 Manchester. John Dalton, D C L , F R 8 Dr L Playfair, R Hunt, J, Graham 

1843 Cork Prof Apjohn, M Ri A tR Hunt, Dr. Sweeny 

1844 York Prof. T Graham, FR8 Dr K Pluyfair, li Solly,T H Barker. 

1843 Cambridge Rev Prof Cuinmiug. . iR Hunt, J P, Joule, Prof, Miller, 

1 E Solly 

]S46.8oathamptun Michael Famday, DC L, F RH tDr Miller, R Hunt, W Randall 
1S47 Oxford Rov W V Haroourt. M A , F R 'B C Brodie, R Hunt, Prof Solly 

1848 Swauftca Richard PhiUioH, F R S i ^ ^ Henry, R Hunt, T, Williams. 

1849 Birmingham John Percy, M D , P' H S R Hunt, G Shaw 

1850 Bdinburgh Dr Christison, V P R S 15 , Dr Anderson, R. Hunt, Dr Wilson 

1851 Ipswicti Prof Thomas Graham, F B S 'P J Pearsall, W S Ward 

1852 Belfast Thomas Andrews, M D , P* R S Dr Gladstone, Prof Hodges, Prof, 

Roualdn 

1853 Hull Prof J F W Johnston, M A, H S BluiideU, Prof R Hunt, T J. 

F.R S Pearsall 

1864. Liverpool Prof W A Miller, MD,FR8 Dr Edwards,Dr Gladstone,Dr.Pnoe. 

1866 Glas^w Dr. Lyon Playfair, C B , F R S Prof Frankland, Dr H K Roeooe. 
1856 Ohelteoham Prof B C. Brodie, F R S. J Horsley, P J Worsley, Prof. 

Voelcker 

1867 Dublin Prof Apjohn, M D , F R S , Dr Davy, Dr. Gladstone, Prof Sul- 

M R.I A bvan 

1858 Leeds Sir J F W. llefschel, Bart Dr Gladatone, W Odhng, R Key- 
D C L. nolds 

1869 Aberdeen Dr Lyon Playfair, C B , F R S J S Brosier, Dr Gladstone, G D 

Liveing, Dr Odluig 

1860. Oxford Prof B C Brodie, F R S A Vernon Haroourt, G D Liveuig, 

A. B Northoote 

1861. Manoboster Prof W A Miller, MD,FRS 4 Vernon Horoourt G D Livemg 

1862. Comhndge Prof W A Miller, M D , F R 8 H W Elphinstone, W Odlmg, Prof 

Rosooe 

1863. Newcastle Dr Alox W WiUuMnson, FR.S Prof Livoing, H L. Pattmaon, J. 0 

Stevoniwn. 

1864 Bath W Odhng. MB, FH.8 ,PCS A V Haroourt,Prof Liremg,R.Biggs 

1866, BirmmghaiD Prof W A Miller, M D ,V P Bj8 A. V Harcourt, H Adkins, Prof 

Wanklyn, A. Winkler Wills. 

1866. Nottingham H Benoo Jones, M D , F3 8 J. H. Atherton, Prof lavemg, W. J. 

RiineeU, J White. 

1867. Dundee Prof T Anderson,M D pFRS E A. Crum Brown, Prof G D liveing, 

W J Russell 

1868 Norwich Prof K.Franklaud,F B 8 ,RC 8 Dr. A. Crum Brown, Dr. W J Bus- 

aelJ, F Sutton 

1869. Sxoter Dr H, Debus, F B,S , F 0 8 . Prof A Crum Brown, M D , Dr W. 

, J. Russell, Dr Atkinson. 

18t0 Liverpool Prof H E Rosooe, B A, F.B.S., Prof A Crura Brown, M D,, A. S. 

F 0.8 Pletoher, Dr W J. Bussell 

1871. Biinborgih Prof. T. Andrews, M D., F.B.S J T Buchanan, W. N. Harder, 

Thorne 

1872. Brighton ... Dr. J. H Gladstone. F.EB Dr MiDa, W. OhandUr Boberts^ Dr. 

' W. J BusseQ, Dr. T Wood. 

1878. Bnsdfoird *. Prof W, J. BUssell, F B.8 , Dr. Armstron^Dr. M^Us, W. Chfubd- 
^ -■ Ur jDr. Thorpe. 

1874. .wProt A. Crum-Brown, |i;.D.,Dr T. OronstemtCharl4,W.Ch«ttd» 

. * F.H.SJ1., F.0.8. Ur Boberts, Prof Tho^ 

>878. IBriikd A. G. Vernon Horeoux^ lC^,Dt. H. B. Amutrong. W.^ ObsmdUr 
FJia,F.aB|. Bpheria, W.A-Tildsn. 

im H. .. Wi 

J, It thomsoD,^ W, A. Tildtt^ 
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Date and Place PremdenU Secretanee. 


GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE 

COMMITrBB OF SOIFNCES, III —GEOIOGY AND OEOQBAPUV 

18J12 Oxford R I Murchison F R S John Taylor 

1833 Cambridge (> 11 Qreenough FRS W Ijonsdale John 1 lull 

1834 Edinburgh Prof Jamewon Prof PI ill pB T Jainetron Tome, 

Rev J \atcB 


SECTION C -0>OLOOY AND OFOGRiPllY 

183» Bubh R T Onihth CapUin Portlock T T loirio 

18.10 Bristol Rev Dr Bicklvnl 4 Rs (reo William ba i lers S Stut hb >ry T J 

qraj hf H [ M n elus i b R S Tor i 

1837 Lv rpool Revlrol 8 dgwi k I Hb —he CapUi i Po tlock R Hunter -^Tro 

graphi/ Cl B Gioenmgh b RS 9^ tj'/ CaptviuIT M Donliam R N 

1838 NewcMtlp C Lyell FRs VPas Crr W C IVHvelynn Capt Portlock — 

gr ihj LordP ullio]jc Gcogr ;// ( int Waalunj^ton 

1830 Birmi i^hatn Rev Dr B kland h R S —Gro (leorgt Tloyd M 1) II E btnckland 
g pAy (4 B Gtrocnough r R S Charles J)ii win 

1840 Glasgow Chari a LytU b Rb —Ge gr W J llainilton D Milno Hugh 

j}h/ Q B Greciio igh 1 Hb M irraj 11 F Strickland John 

Scoulivr M D 

1841 Plymouth II T Do 1 1 Bo ho b R 8 W T Hamiltor Edw vrd Mooi o M D 

R Hutton 

1842 Mnidie»lei RIM rclusoi b RS E W Binney R H itton Di R 

Lloyd HE Strickland 

1843 Cork Riobarl L Gr Jlth IRS braucis M Jennings H E Slrick 

M RI V land 

1844 York Henry Waiburton MP Pres Piof Anslod L H Bunbury 

Oeol 8 e I 

184'} Cam bridge Rov Prof Sedgwick MA PRJS Rev J C Cnnnnng A C Ramsay 

Rev W riiorp 

184t) S >uihampion Leonard Horner F R 8 - Ocogra Robert A AusUn J H Norton M D, 
vh/ G B Greenough FBS Prof Oldham —Geography Dr C 

T Beko 

1847 Oxford Very Rev Dr Buokland FR8 Prof Ansted Prof Oldham A 0 

I Kamsai T Ruskm 

1848 Swansea Sir H T De la Boche CB Starling Benson Prof Oldliam Prof 

1 r K S I Ramsay 

1840 Biriningliam Sir diaries LyolJ FRS PGS Ij Beeto Jukes Prof Oldham Prof 

I A 0 Ramsay 

18o0 Edinburgh * Sir Roderick I Murchi** m PR S A Keith JoUnslon Hugh Miller Prof 

I Niool 


SECTION c (ron^iimrc/) — oeotogy 

18i>l Ipflwioh William Hoplms MA FRS OJ F Bunbury, G W Ormiirod 

[ Searle«Wood 

1862 Belfast Lieut Col Portlock B E , F R S James Bryoe James MaoAdam Prof 

M Opy Prof Niool 

1853 Hull Prof Sodgwick FRS Prof Harkness WilliamUwton 

1864 larerpool Prof Edward Forbes FRS John Cunningham Prof Harkness 

G W Ormorod,J W. Woodall 

* At a Meeting of the General Committee held in 1860, It w« reeohed * That the 
subject of Oeogra^y be separated trom Geology an 1 combing with Ethnology to consti 
tute a separate SeJjtion undei the title of tlw GeoffrapUical and Sthnologi nl Section 
lor Presidents and Secretaries of winch see page xxxvii 

1878. 
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iiypoRT—1876. 


Date aiid Place Preaidenta Sccretnrioe 


1855 OUfiffow Sir R T Murchiaon FR8 James Bryee Prof Harkneas Prof 

t 

ISoO Cheltoixham Prof A C KaiiiBay PRS Rev P B Brodie Rev R Henwortl 

Edward Hull J Sooiigall XUri^it 

1857 Dublin 1 he Lord Talbot do Malahide T’rof llaikness Gilbert Sandern Ko 

bort 11 Scott 

1858 Lcodt William Hopkins MA LLD Piof Nieol 11 C Sorly F W 

F R S Slmw 

1859 Aberdeen Sir Charles Tyell IT D DCL Prof HaiknrH« Rev f Longmuu II 

I FRS C Sorb> 

1800 Oxford Rtv Prof Sod^w tk T T 1) 1 f Jliiltnct’n 1 dw ird Hull Caj 1 

I PRS FOS I WooduU 

1861 ManchesUr Sn R T Murcl isoii DC T Piof llnrkrew* L ivvmd Hull 1 Ku 
ILB rUS te I pert Jones G V\ Ormcrod 

1802 Cambridge J BottoJukts MA FRS Lucas Bam It Prof J Rupert JoueSi 

j II O Soi^ 

180J Ntwcaatle Prof W anngton W Smyth K F Boyd John Dadish, II 0 Sor 

1 RS b G S by IhnuaB&tipvnth 

1804 Bath Prof J Phillips LLD IRS W B Dawkins J Jthnston II C 

r G S Sorby \V PengeUv 

1805 Birmingham Sir R I MurchiHOri Bart 1C C B Rev P B Brodie J Joius Eov F 

MytrK IT C S rb} W PingeJly 

1800 Nottingham Prof iC Ramsay TLD 1 RS R 1 thendLe W Ptnylly 1 Wil¬ 
son G If WriLht 

1807 Dundte Vrchibold Geikit IRS 1 QS Llwurd 11 11 W Itngolly Homy 

I Woodward 

1808 ^ rwich RAC OckIwui luskn FRS R(v O Tisl r Rtw J Q mn W 

IGS PtngcUy Rev H H Vtinwood 

1809 Fxotor Prof R Harknoss FRS 1 GS W Pengolly W Bo^d Dawkins Rev 

n H Wuiwood 

1870 Lnerpool Sir lliilipdoM Grey Egerton W Pengellj Rev H H Winwood, 

Bart M P h R S I W Boyd Dawkins G If Morton 

1871 Edinburgh 'Prof A Geikio FRS FGS R Etheridge J Gukio J McKtnny 

I Ilughea L C Mmll 

1872 Brighton ‘RAC Godwin Austen hRS'l C Mmll Ooorco Scott William 

I I lopW Henry Woodward 

1873 Bradford Prof J Phillips DCL FRS L C Mudl K H Tiddcman W 

P G S Toploy 

1874 Belfast Prof Hull MA.PRS,FaSP Drew L G Mmll R G Sjraca, 

R H Iiddomon 

1875 Bristol Dr Thomas Wright FlkSB L C Mull E B luwno) W Topley, 

F G S 

1876 Glasgow Prof John Young M D J Armstrong F W Rudler W 

Toplej 


' mOLOaiCAL SCILNCES. 

•COMMJTTMB OF SOTEltm, tV --^OLOOY, WTAMY, miSIOLOGY, ANATOMY 

1832 Oxford Rev P B Duncan, F G S Rev Prof J S Henslow 

1833 Cambridge* Rev W L P Gamon8,FLS 0 0 Babington D Don 

1834 Edinburg I^f Graham . W Yarrell, Prof Burnett 

* At thia Meeting Physiology and Anatomy were made a separate Committee, for 
Presidents and Scci ctanes of which see p xiavi 
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Date and P)aoe PresidenU I Secretaries 


V 1>-/OOLOOT AM) TIOTANT 

183i> Pubhn Dr AUman J Curtis Di Ldtoti 

IStiO Bristol ReT I*rot Henalow J Curtis Prof Don Dr S 

RootHoy 

tS'JT Imrpool W & MacLoay 0 ( Babington Rev L Jen} ns W 

Swain non 

18J8 Newcastle Sir W Jardine Bart T K Gray Prof Jone« B Owen Dr 

R thartl>)0) 

IR^IO Bnmmgbam Prof Owen PRS F Forlics \V Itk R Patterson 

1840 Glasgow Sir W J Hooker LLD Prof W Coiipor h Forbw K. Pat 

ters n 

1841 Plymouth John Richardsfn Ml> TRS J Couch Dr lankcHlcr R Patterson 

181^ Mandiemtor Hon aid Very Rev \V llerlxrt Dr I ankestcr R 1 \t torso n 1 A 

IL D r 1 S I lumei 

1843 Cork William ThomiHon FT S G J Allman Dr Lankoeter R Pat- 

I tei SOI 

1844 York Very Rev Tho Dean of Mai cl eg Prof Alin ai II Goods r Dr Ring 

ter Dr Lank ntor 

184o Cambridge Rev Prof Henslow F L S Dr T ankester 1 \ W olloaten 

1846 Southampton Sir J Riohardaon M D P R S Dr La ikcxtci i V Woll hI i IT 

I W (Idridgo 

1847 Oxford 11 I Stiukland M \ PRS Dr LanWer Dr M lullc T V 

1 VN ollnston 


RBCnON D (cOHtinUeil) —/OOLOOr BOTtNy, IVCJUBINO 11IY8IOTOOX 

[Forthe Preaidents and Sicretariea of tie Anatomical and Physiol goal Subfiectlon^ 
ana the temporary Section 15 of Anat< my an 1 Medic no see p xixvii ] 

1848 Swansea L W Ddlwyn IRS Dr R Wilbrabam 1 nltoner A Hen 

fry^ Dr Lanke^ter 

181V) Birrainglmm William Sm nco F R S Dr Lankewter Dr Russell 

1850 Ednburgb Prof Goodair FRS L IPrnf J IT Bennett MD Dr Lan 

' koHter Di Do gUs Moclagaii 

184 ! IpBWith Rev Prof Henslow M A FRS Prof Allman P W Tohiiaton Dr E 

Lonkestor 

18jA Belfast W Ogilby Dr Diokie George C Hyndman Dr 

J dwin Lankestor 

1863 Hull C C Babington MA FRS Robirt Harrison Dr K LankeaUr 

18i>4 Liverpool Prof Balfour MD FRS Isaao Byerley Dr L Lankostor 

1855 Glasgow Rev Dr Klecminff F B S E Will am Reddit Dr Lankester 

1850 Cheltenham rbomnaBell FRS ProaL8 'Dr J Abercrombie Pr f Buckman 

I Dr Liuikostcr 

1857 Dublin Prof W H ITarvoy M D FR S fProf J K Rinahon Dr L T^nkesfer, 

I Robert Patterson Dr W K Steele 

1858 Leeds 0 C Babington M A FRS Ilicnry Denny Dr Heaton Dr E , 

Lankester E Perceval Wright 

1859 Aberdeen Pu W J ird no Bart F R 8 H Prof Dickio M D Dr L Lonkester 

Dr Ogilvy . 

1860 Oxford Rov Prof Ilcnslow F L S W 8 Church Dr E Ijai kesh r P 

I Sclator Dr L Perceval Wnglit 

1861 Manoheater Prof C C Babington FRS ,Dr T Aleock Dr E Lankester^ Dr 

I P ^ Sclater Dr K P Wnght 

1862 Cambridge Prof Huxley F K S Alfired Newton Dr E P Wnght 

1803 Newcastle Prof Bolfouri M D, F R S Dr F CharUon A Newton Kev H 

B.Tnatr«M Dr K P Wnght 

1864, Bath Dr John E Gray FRS H B Brady, 0 B, Broom, H T 

Stomton Dr E P Wntfht 

1865 BirmlnghamiT Thomaoa, If 0 > F R S Dr J Anthony; Bey O Clarke, Bev 
j 1 H B Tnsliim, Dr E P Wnght 

e 2 
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REPORT—1876 


Date and Place 


Presideufti 


Scoretanes 


1806 l^ottuigbam 

1867 Dundee 

1868 Norwicli 

1869 Ejeter 

1870 laverpool 

1871. Edinburgh 

1872 Brighton 

1873 Bradford 

1874 Bolfftiit 

iST^i Bristol 

1876 Glasgow 


B Nk M i) b R S 
Rev M ] Uerkolo^ 
Dpi if I/i/^ I (/ 
Flower > R S 


SECTlov D {continue 1) —biology * 

|Prof Iluilej LLB TRS —Dr T Beddard W Fclkin Rev H 
ihymoloqxral Dpi 1 rof linn B ln<itrain W Turner E B 
phry M D F R S Anfhrop , lor Di V P \Vr ght 
logical Dfp Alfred R Wallace ' 

1^ R G 8 

Prof Sharpey M D See R S — C Sjienco Bate Di S Cobbold Dr 
Dc]} of Vo I a I Hot George M bo^'tor If T St i nton Rov H 
I B 1 p «trftr I Prof \V Tumor 
FIS — Dr r S Cobbold G W Firth Dr 
W 11 M Poster Prof T awson H T 
Stain ton Rev Dr H B Tristrain 
Dr r ] Wright 

George B isk b R S 1 LS--Dr T S Cobboll Pr t M F stei 
Dtp of Hot i (17 IL Spence MD E R^ Lar Venter Professor 
Bate FRS— Dp J Vtfno Lawson 11 T Stanton Rev 71 B 
E B Tylor Tristr'ini 

Prof G H Heston MA MD Dr T b Cobboll Sebastian Evans 
FRS i LS Dip Anit nd Prof T iwson Thus 1 Moor© 11 
1 hysi I Prof M Foster M D 1 Sta ten Rev 11 B Tristram 

b 1 S —Dep oj hthio J . C btanilund Wak 1 Ray I au 

Pvans FRS | k sttr 

Prof Alien Tho! son MD FRS Dr 1 R I raser Dr \rth ;r Oamgo 
—Dep of i t a td /o I P of T R y La ikcstor Pr f T awson 
W^'villo ChoiiBon bBS —| II 1 btiintm C SlanilandWake 
Drp f i D op } Ir f W Di '\\ Eilhtrfortl Dr Ktlburno 
T irner M D R»ng 

birJohn J ibbock Bait 1 RS Proi Ihiselton Dyer U T bUmton 
—Dep f Anai ail Ih/vol Prof Trfiwson £ W Rudlei T IT 

Dr Bur Ion San lerson IRS T ai iprey Dr Oa i gee C Ray T au 

—Dep f A thr I ol Col \ ktstor Dr Pye b ith 

Tjan Pox P G S 

Pr f AUm in PBS Dpi o/P rof ih sol ton Dyer Pi of T awson 
A ai ai dll I Pro! Ru R M I achbin Dr Pyo Sn ith F 

thopf rd M D —I)pp of A i Ray Lankestor F W Ri dler« J 

thro] ol Dr Be Idoe IRS II Lamprey 
Prof Rolfer MD— Dep /W i iUiiwlU n Dyer R O Cunmng 

/ool a d Hot Dr Hooker, hai i Dr J T Charles Dr P H 


( B 1 roH R S ~-Dpp j A 
thr pol S I W R Wilde M D 
PLSUiUil RS Dep fAnat 
anllhjit / Pi if( lelind M D 
FRS —Drj of I throj ol Prof 
Rolloaton M D IRS 


Pyo Smith J J M rpliy F W 
Rudler 

P R Alston Dr McKendruV Prof 
W R M Nob Dr Martyn F W 
Rudl 1 Dr P 11 Pyo Smith Dr 
W Sponoor 


A Russel illi c P’BOS 'E R Alston I^de Clarke Dr Knox 


F L S Dip of fool and Dot 
Pr f A Newton MA FRS 
Dpp if Anat and J hpnol 
Dr J G McKendnek F K S L 


Prof W R it Nab Dr Muirhend 
Prof Mornsoii Watson 


ANAIOMICAX AND PHYSIOIOGIGAL SCIENCES 

COMJCITTKK OF (KTCPNCF^, V —ANATOMr AND PHYSIOLOGY 
1833 Oambndgs IDr Haviland IDr Bond Mr Pa^t 

1^4 Edinburg |Dr Aberororabio |Dr Roget Dr Wuham Thomion 

At » Meeting of tJio General Committee in 186'> it was resolved — That tho 
title of Seoitou P he changed to Biology and That for the word Subsection m the 
ridea for oon^UieUng the busmeM of tho SectioDs,the word Department be subsUtuted 



PKFSIDFNTS AND SECRSTARIES OP THE SECTIONS. 


xxxyii 


Bttto and Place PiMidonU Secretaries 


BFCTION T (tNTXI lSd7 ) —ANATOMY AND MhDKlNt 

18H5 Dublin |Dr Pritchard IDr Harns< n Dr Hart 

IRJd Bristol ^Dr Ro^ b R S 'Dr Synionds 

1837 LiTOrp'wl Prof W Chrk M D Dr J Carson jun James Long Dr 

1 J R W Aosc 

1838 Newcaatlo T T Iloadl n MD 1 M Oroenliow Dr J R W Vfse 

1819 Birmingham Tohn'iollolj MD IRS Dr U O Rees F R;yl nd 

1840 Glasgow Tames WaUon MD Dr J Bioimi Pr f Co ipor Prof Reid 

1811 Plymoilh P M Eogel M D R S Di T Butter J F igo Dr R S 
, Sargent 

1842 Manchester ’Ldward Holme MD FLS Dr Clmjtor Dr R S Saigint 

1843 Cork bir James Pitcairn M D Dr John 1 nham Dr R § Sargont 

1844 York J C Pritchard M D I Lri 1 sen Dr R S Sargont 


ftLClION 1 111YSTC TO i Y 

184> Cambridge Prof T Havilaiid MD Dr R S Sargent Di 'Webster 

1840 Southampton Piof Owen MD 1 Rs Cl Keel , Dr Diy tk Dr Saigent 

1847 Oxford* Prof Ogle MD FRS Dr Ihomas K Chambers W P 

I Omierod 


PlTYrtlOLOGICAr bUJiSFClIONft OP SFCTION D 
1850 Fdmburgh Pi of Bennett M J) FR&F 

185o Glnscow Prol Alhn rWomson IRS IrfTH Corbett Dr J Struthors 

1867 Dubhn Prof R Hoi risen MD Di R D Lyoiifl Pr f Rcdfern 

1858 Ijeeds SirBci lan inBi 1 c Bait 1 RS C O Wlccliousc 

1859 Aberdeen Prof 81 irpry MD SeeKS 1 rot Ben ett Prof Rcdfern 

\m Oxford Pr f G R llcst n MD 1 I 8 Dr R M Donnell Dr Edward Smith 

IHtll Manche8t4.r Dr John Divy FRSL Dr W Roborts Dr Mward Smith 

1802 Cambridge C L Paget MD OF Holm Dr Ldward Sm th 

1863 Newcastle Prof RoUcBtoii MD FRS Dr D Finbkton Dr W luiner 

1804 Bath Ur iLdwurdSmitli LT D FRS J S Birtr m Dr W Tumor 

18^ Birminghmt Prof Aoland MD LLD FRS Di A Plemiig Dr P Heslop Oliver 

Pemblrton I)r W Turner 


GIOWIAPEICAT \N1) Fril^OLOGICAI foCIL^CEb 

[For rrewdeiiU and Scerehiriea f< r Gcogiaihy prev ouslo 1851 «oe Section C p xxini ] 
>niNOL001CM fltJWirClONB Ol’ h>ction p 

184(5 Southampton,Dr Pritchard Dr King 

1847 Oxford Prof H IT Wilwon MA Prof Buckhy 

1848 Swansea O Gmntlranos 

1849 Birmingham Dr R G Latham 

1850 Edinburgh |Vice Admiral Sir A Malcolm Daniel Wdson 

HKClION h —QEOOHAray AKP FTUNOIOGY 

J 8 dl Ipawich jSirR I Mmchiaoo, P R S Pm. R Cull, Rev J 'W Donaldson, Dr 
BOS Norton Shaw 

18 o 2 Belfast Col Cliesney RA DOT R Cull R MacAdam, Dr Norton 
I FRS Sliaw 

* Bj dureotion of the General Committco at Oxford Sectiona D and > were incorporated 
nder the name of BeoUou D—Zbolo^ and Botanj including Ph^iologj ’* (aee p xxxr) 
XliO Section being then vacant was iaaigned m Idol to Geography 
t FWsiwteonpagtHon 
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XEFOBT—1876. 


Dat<? and Place, 

1853 Hull 
1851 Liverpool, 
18,")5 Olapgow 
]856 Cbcltonliflin 
1857, Lublin 
1858 Lc'drt 
1850 Aberdeen .. 
18(»0 Oxford 
1801 MandiCbtor 
J802 Cambridge 
1803. Ncwcantlo 
18(M Batb 
1805 Birininglnm 
I860 Nottinglnim 

1807 Lundee 
1808, Norwich 

Kxoter 

1870. Liverjiool 
187J. Edinburgh 
187i Brighton 

1873 Bradford .. 

1874 Belfast 

1875 Brwlol.. 

1870 Qlangow 


1833 Cambridge 
IKil Kdmburgh 


Presidents 


Seorotsriei 


R Cl Latham. MD,FBS 'r Cull, Bov II W Kemp, Dr Nor- 

* ton Shaw 

Sip R 1 Murolnson, LCL,Rithard Cull, Rev 11 lliggiiie, Lr. 

FRH I Ihne, Lr Nort<jn Sliaw 

SirJ Rjeharcbon.ML.FBS Dr W G BlucVie, K CuU, Dr Nor- 


ton Slmw 


lc*ol Sir 11 C K^iwluison,K CB R Cull, F L ITartland, W II,Rum- 
i I Hcv, Lr Norton Shaw 

^Hev Dr J lIontliawnTodd,Prt>*» R Cull, 8 P’orguaon, Lr, B, B Mad- 
t K I A ' den, Lr Norton Shaw 

Sir B I Murchison, G C St S , R CulCFianeisQalton P O’Callnghan, 
F B S Lr Norton Slmw, Thomoa WrigliU 

'Benr-\dnnrftl Sir JiimCB Cierb Riebnrd Cidl, Proferaov Goddea, Lr. 
I RoHh. L C L . F B 8 I Norton Shaw 

SiJ B I Muicliison, L CL, Cant Burrows, Lr J llunt, Lr C 
F B S ticnipriere, l)p Norton Sliaw 

John Crawfurd, F B S Dr J Ilunt, J Kingsley, Lr Norton 

! Shaw, AV Spottiswoodo 

FraneiB Gabon, F R 8 J W Clarke, Bev J. Glover, Lr. 

I ' Hunt, Lr Norton Shaw, T Wright. 

'Sir B T Murohihon, KCB.C Carter Blake, Hume Greenfield, 
i FR8 C B MurUrnm, R S Walson 

Sir B I Murchison, KCB,H W Batea, C B Markham, Capt 
IKS B. M Murcluhon, T Wnglit 

Mn]or-GoiH’ral Sir II Rawliimon, H W Bate*, S Evans, G Jabet, C 
j M P . K C B , F R S ] R MarUmin, Thomas Wright. 

Sir Clmilei* Nicholson, Bar! , II W Bates, Bev E T Cusiiis, B 
LL L H Major, Clemcntn R Markliam, 

' 1) W Nash, T Wright 

Sir Samuel Bakci, F R G 8 , II W Butoa, Cynl Qraham, C B 

I Markham, S J Mackie,R Sturrock. 

Capt G If Richard9,B.NMFRS T Bamea, H W Bates, C K Mark¬ 
ham, T Wright 


8CCUOX E (fOUfmWftZ) — OJBOGRAEUr 


Sir Bartle Frere, K C B , LL D , 
F K G vS 

Sir R r Murcluaon, Bt, K 0 B , 

1 LLP, DCL, FBS, FGh 
’colonel Yulo, C.B, F.RGS 

Francirt Oalton, FBS 

I 

Sir Ruthorford Aloock, K C B 

Major Wilson, BE, FBS, 
’ VBG8 

Lieut -Ooneral Strachey, B K, 
OST.FRS.F.RGS.FLS, 
‘ FGS 


H W Bates. Olcmoiits B Markham, 
J 11 Thomas. 

H W Batew, David Buxton, Albert 
J Mott, Cloments R Markham 
OieinenU B Markham, A Buchan, 
.1 H Thomaa, A Keith Johnston 
H W Bates, A Koith Johnaton, Rev. 

J Newton, J H Thomas 
II W Bates, A- Keith Jobnhton, Cle¬ 
ments B. Marklianu 
E G Bavenstcin, E C. Bye, J. H 
Thomas 

II W Bates, E C Bye, F F Tuckett 


Oapt Evans, C.B, FBS 


U yv Bates, E C Rye, B. Ohphant 
Wood, 


OTATISTICAL SCIENCE. 

COJIMTTTKE OP 8CIEKCBS, VI.—STAtlSTICfl. 

IProf. Babb^ F.B.S. |J K. Drmkwater 

'Sir Charles Lemon, Bart.iDr. Clelaud, C Hope Maolean. 




PRESIDENTS AND SECRETARIEB OF THE SECTIONS 


XXXIE 


Date and Fl&oe PretudenU Seorotario# 


HLCTION F —^BTATISnCd 

18t*i Dublin CImrVs Babbagfl b R S W Givg Pn/f IcngfiHd 

18Jd Driatol S r Cliurks L mon Dari KHS Rev J F Brombj t B Tftpp 

Jainog IIovw 0(1 

1837 Liverpool Rt Jlo Lor I Kind n W R Greg W Langk n Dr W C 

Tayltr 

1838 NowuiBtle Lolontl Sjke#* b RS W Ct rgill J lloywood W R Wood 

1839 Bimungliam lie iry LLiUan b RS I ( Inrko R W Rawson Dr Vt C 

Jrtyler 

1840 Glangow Rt 11 n I rd San Ion M P C R Baird Prof Ramsay R W 

F R 8 RaiVB n 

1841 Plyrac» ith 1 icut Col Syk<H b R S Rei Dr Byi tb Rev B Lnnry B 

W Rowtion 

184i Manchtieler G W Wood MP ITS Rev H Lunev G W Omierod Dr 

W (- Tayler 

1843 Cork Sir C I einon B rt Ml Dr D B lUon Dr W Cooke layler 

1844 York 1 o it (. 1 Sykes bRS ITbJllotliiJ Tleyw od Dr Laj (Hx^k 

I84o Catnbrid„o Kt Hon The Lari Fit/wdliiin J 1 lekl er W (ookelayier LL D 

181(5 Southan 1 t nGRlrtpPRS T L letel er P G P ^lo « u Dr \V 

I C Payl r Rtv P T SI apeott 

1847 Oxfoid iTrivers Iwiss DC L I H8 Rev W H Cox J J Pans n X G 

P Neison 

1848 Swansea J U N ivian M P b R S J blelGur Ci)t R SI orlrtdt 

1849 Biruimgl tti i Rt lion Lord Lyttelton Dr Piuth Prol Hu wk F G 1' 

I ^tlwon 

18i0 rdmburgh A ly Re\ Dr John Lee Pn f ITHn(*oik J Fletcher Dr J 
V P K S L Slark 

18 il Tpsw h Sir Job il Boiloa Bart J Fkteler Piof ITaiieock 

l8oJ Bchi^t Ills Grace the ArcH «li p t Prof Hancock Prof Ingram Jauiot 

Diibl M MarAdam Jiin 

1851 Hull (Jan L8 ILy wood MP bRS P Iv^or IClieHlnre William Newn htcIi 

1854 Liverpool 111 oi u looko FRS £ Cheshire T £ Daiison Pr W If 

I Duncan M Niwruarch 

l8o^ Glasgow R Monckton Miluos MP J A Cimiibdl L Cheshire W A»w 
1 march Prof R H Walsh 


srcrioN F ( > ^/ iKcd) -fouvomic scijncj* \\d aivrisncft 

18j8 Chelt^mham Rt Hon Lord Stanley MP Rov C II Bromby E) Cheshire DrW 
1 N Hancock W'^ Newinoroh W M 

Tnrtt 

18o7 Dublin IIis Grace the Ai'ohbiah p < f Prof Ca rns Dr IT D Hutton W 
Dul hn M R I A | Newmarch 

1858 Leeds LlwardBoinos T B Buncs Prof Curas S Brown 

I Oapt biahbourne Dr J Hirung 

18o9 Aberdeen ( ol Sykew M P FRS Prof Cairns I dmund Moorory AM 

I Smith Dr John Strang 

I8tj0 Oifoi I Vaasa iW Senior MA Edmund Macnry W Vewmarch 

Rev Prof J K T Rogers 

1801 Manohoater William Nowniaroh FRS David ( hndwick Prof R C Oliristie 

R Moorory RoT Prof J K f 
Bogern 

1862 Cambridge Bdwin Chadwiok C B HD Macleod, Rdznund Macroi7 

18^ Newooitle William Tite MP FRS T Douhledgr j^mund Maorory 

Fredenok Purdy Jornee PotU 

1864 B*th William Farr MD DOL. 1C, Moorory* S T Payne, P Puhly 
I FRS 

1866 BirminghamBt. Hon Iiord LLD O J D Goodman G J Jobnitm, 

I MF B Kaorory 


xl 


XEPOAT—1870, 


Date and Place 


Prcflidente 


Secrctariea 


1866 Nottingham Prof JET Pogera R Birkin Jun Prof I>ono Levi E 

Macrory 

1867 Dundee M E Grant D iff MP l*rof Leone Ixni E Maorory A J 

Warden 

1868 Norwich Jsamud Bionn Prot» Insl t Ve Rei W C Duvie Prof Loono Ivevi 

tuaneti 1 

1809 Exeter Rt Hon Su Staflord H North Edmund Maerory Frederick lurdy 
tote Hart C U M P t harlos 1 D \.elan I 

1870 Liverpool iProf AV Stanley Joons MV Liao R DilhyBixtcr 1 M r r) 

I T M 1 ft Mokb 

1871 Edinburgh Rt TTon Lord Neavoi J O hiteh lam s Me kit 

1872 Brighton 1 rof llonrv 1 iwettt Ml JO hiteli Barti ylhillipB 

1873 Bradford Rt 11 n W L I rnl r M P J G 1 teh Swire Sn tli 

1874 Belfast L rd O lla#, n fcrof Dmnell brink P bollows 

liana Jfa Mord t 

1875 Bnalol Tan es llejwkxl MA PRS b P bdlown TOP HolUtt b 

Profl S S M icr ry 

1876 Glasgow Sir George C inphell KC SI lA MNeel Oaird T G P llalldt 

Imp Dr W Neilfton Hancock Dr W 

I I Jack 


MECHANICAT SCILNCr 


SLCnOV O —'MECHA^ICM HCITNCE 


1836 Bristol 
18.17 Liverpool 
1838 Newcastle 
18J9 Birmingham 

1840 Glasgow 

1841 Plymouth 

1842 Manchester 

1843 Cork 
164-1 York 

1845 Cambridge 

1846 Southampton, 

1847 Oxford 

1848 Swansea 

1849 Birmingham 

1850 Edinburgh 

1851 Ipswich 
1S52L !lwlfast 

1853 Hull 

1864 Liverpool 

1865 Glasgow 

1856 Cheltenham 

1857 Dublin 

1868 Leeds 

1869 Aberdeen 

1860 Oxford 


Davies Gilbert DCT FRS 
Rev Dr Robinson 
Charles Babboge IRS 
Prof Willift PRS and BobertI 
SbopheiiMon 
Sir Jolm Robinson 

John Ta^loi FRS 
Rev Prof W iliis FRS 

Prof J MaouciU MRIA 
|John Toyl r b R S 
George St unit bRS 
Rev Prof Willis MA FRS 
Rev Prof Walker M A bRS 
|Rev Prof Walker M A bRS 
Robert Stephenson M P bRS 
Rev Dr Robinson 
William Cubitt FRS 
I John Walter C E LLD FRS 


William bairbaim GB bRS 

Jolm Scott Ruftsoll bRS 

W J Macquom Rankine. C E 
FRS 

George Bennie FRS 

The Right Hon The Earl oi 
Rosso FRS 

Wilhnm Fairbtim FRS 
Rev Prof Wil]ii,MA FRS 

Prof W J Macquoro BaJokma. 
LLD^PRS 


T G Bunt G T Clark W West 
Charlts VignoloH Xhomaa WobnUr 
R Hawthorn C V gnoltft P Webster 
|W Cnipmnel W illium Hawkes Tlio 
mas Webster 
I 80*011 RumbcU j Ihomson J Tod 
C Vignoles 
Henry Chatfleld Ihomas Webster 
|J r Bateman J Scott Russell J 
Xhomtjon Cliorles \jgnolos 
James Thomson Robert Mallet 
Charles Vignolea Ihomas Webfttor 
Rev W T Kmgdoy 
William Betts juu Cl ailes Manby 
J Glynn R A Le Mesurier 
R A Lo Mcsurier W P Struv^ 
Charles Manby W P Mar«haU 
[Dr Lees David Stephenson 
John Head Charles Manby 
‘John F Bateman O B Hancock 
Cliarlpfl ManW Jaiuett Ihoinson 
Tames Oldham J Thomson W Sykes 
Ward 

I John Grantham J Oldliam J Thom 
ion 

L Hill Jun , William Ramsay, J 
Thomson 

C Atherton B Jones lun, H M. 
Jeffery 

if Prof Downing W T Doyne A Tate, 
James Thomson Henry Wngbt 
J t Dennis J Dixon H Wngbt 
R Abemotby, P Lo Neve Poster H 
Wrifht. 

P Le Nero Foster Rev F Harmon , 
Henry Wngbt 


LIST OP EVENING LECTURFS, 


xli 


Date and Flaoe FroMdenta Stcretance 

1861 Manchotiter J t Batomnu CL I KS P LoNevoFowtei John Kobm»oi) 11 

^V right 

1862 Cftinbndgfl jWilhani Pairbairn LL D FRS M Fawcett F Lo "Npvo Foster 

1863 Newiafitle Rov Prof A\illw M V PRS P I l iseyo 1 o«tor F \^ CKtmacoU T 

I Siicnci r 

1864 Bath T Ilawknlmw FtlS P Ix> Nivo lostor Kolx'itFitt 

18b5 Birtnnigham Sit W G Vimstrong LL D V Tjo Postor Henry Lea W F 

F U S M irsUall W oltci May 

1866 Nottmi^Uam ihomas Hawk'ilt) VFTnat P Le Nevo lontci J F Iselin M 
(FIGS A TarboU 

1807 Bundoo Prof W J Afucmuoni Raukine F le Neve lifter John F Snuth 
, LTD FR'^ \V \\ Diquhart 

18(>8 Norwich (t F Tiller C P I R08 F Tc^eve lositi J F Iselin C 

1 Mftubv AV bmidi 

1866 1 lotcr C M SunicnH IRS F No loster T1 Buitjumn 

1870 Liverpool Chaa B Aj^idUa (FIRS IT Bauerman F Lo Novo 1( eter, T 

Ling J N SI oolbrvd 

1871 Edinburgh Prof Flee mg lenkn IKS H Bai ermun Alexander Le'iln J P 

I Smith 

1872 Brighton h J Biamwtll LT IT M Bum 1 F Lo Nevt Foster 

, I J O GamhU T N Sh olbrcd 

1871 Bradford 'W II Bmlow PRS , Ci aw ford Barlow IF Bauerman P 

I I H Cuibutt T C llawknlnw J N 

I SI otlbied 

1874 Belfait I’rof Janica Ihomion LLD A J Atcliibon J N Slioolbiod John 

OF PRSl Smyth Jim 

1875 Bnatol AV Froudo OLMAPRS W H Biowne H M Brunei J 0* 

(1 uillo, J N Sh lolbicd 

1876 Glaagow C. W MunfliUl IRS A\ Lott jinloy jun AV J Millar J 

\ tohoolbrtd J F Smitli 


List of Evening Lectures 


Date and Place Ijetturer Sub)ut of D p oursc 

1842 Manolioatcr Chailos A ignole'^ IRS I llu Frin plea an I C oiutuict on of 

Atn ispltei te Rtnluay^ 

Su AT I Brill 1 Flu llmii a Lunnd 

R 1 Muichivon 11 e Hcoh gjr ol Rusaia 

1843 Cork Froi Owen MD 1 RS | llio Dinoiuis of New Aalaiid 

Prof P ForbpB FR8 1 ho DiHinbntion of Aninifli Life in 

tho Aegean Hea 

Dr Robmaon Tho Lari of Rohso % rdeacope 

1844 York Chailea Ljoll IRS '* Geology ot Noith Vmenca 

Dr Pnlconer FRS Iho (Lgnntic iorloise ( f tho Siwalik 

HilU m ludm 

1846 Cambndgo G B Airj FRS A^tron Royal Piocreas of T rrcstiiul Magnttiam 
R T Murohiaon P’ R 8 Geology ol Ruftaia 

1846 Southampton Frof Owen M.D P R S 1 oasil irfainmalm of the British Isles 

Cliarles Tycll FRS Valley and Delta ol tho Miwiswppi 

1846 Southampton AV R Grove P'RS Properties ol tho Piplosivcbubatatie* 

difjcovercd \pf Di Sehonbtin* also 
aom« Eosearohea of hia own on tho 
Deooinposition oi AV atcr by Heat 

1847 Oxford Rev Prof B Powell, P* R 3 Shooting BUra 

Prof M Faraday, T R S Magnetic and DnimagnotK Pheno¬ 

mena 

Hugh E Stncklond, P' G 3 , Hie Dodo (JHdtia mtyto) 



xlu 
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Bate and Flaoe 
1846 SwanRoa 

1840 Bunningluui] 

1850 Edinburgh 

1851 Ipiwuh 

1852 BoUuHt 

1853 Hull 

1854 Liverpool 

1855 Glasgow 

1856 Chclionlmm 

18t>7 Dublin 
18 >8 Leeds 
1850 Aberdeen 

1860 Oxford 
1801 Manoheater 

1862 Cambridge 

1863 Newcaatle 

on Tyna 

1863 Newoeatlo 
on Tyne 
1864. Bath 

1865 Birmingham 

1866 NoUinghaui 


Leoturor 


John Pertj M D IBS 

I W r arjirnfor M D F B S 
Dr 1 aradiy T B S 
Bev Pro! \\ lUis M A 1 II 8 

' 

Prof J 1 [ Bonnett M D 
1 BSl 

Dr Manlell 1 R S 

Prof K Owtn M D IRS 

0 B Airy b B S Ahh n Ro^al^ 
Prof O a S(ok 8 D ( T IKS 

( oloncl Portlock RE FBS 


Prof J Phil) pH I L D IBS 
b GS 


Subjetl of Di'ieourse 


Metallurgical operations of Swanaca 
and lU ntiglibouihooil 
Hecent M icrosoopical Dibcotoj icb 
Mr Gnssiot s Battery 
Transit ol dilftrent "Woifchta with 
varying velooitioa on BailwnyK 
Passage t f tl s Blood through the 
in 1 nto vessels of AiniiialB m cou 
nexmn with Nutrition 
Extinct Birds ( f ^low /ualund 
Dist net on between Plants and Ani 
mills ind the r eliaiiges of boi in 
lotnl S lar Eelipso of Jul> 28 18,il 
Bo nt d ftoi \ ricH m tie pr [rctua 
ot Light 

Boeint discovery < t Rock salt at Car 
11 kkrgiH and gcrlog al iind pnte 
tical onsKhralionsconnectedwitbit 
Scirt peculiar phenomena in tl e Geo 
logy and Ihysual Owgrapliy ol 
\ rksh ro 


BoUrtTTunl FRS 
Pro! R Owen Ml) IKS 
Col I Sal ne \ PR S 

Dr W B Carp nUr I HS 
I lent Col If RhwI ns ii 

Col Su II RawhnHoii 


W R Oro>o F R S 
1 rot VV rii( mson b R S 
Rev Dr T ivingstone D C L 
Prof r Phillips LLI) I RS 
Prof B Owen MD hBS 
SirR I Miirehison D C I 
Bov Dr Bcbinson IRS 

Rev Prif Walker 1 RS 
CjiptAin Sherard Osb)m R \ 
Prof W A MiUei M A b RS 
0 B Airy F R 8 Aslron Roy 
Prof lyndall ILl) bBfe 
Prof Odling FRS 
Piof \5 lUiumson FRS 


Jain os Gbusher FRS 

Prof Roacoe, FRS 
Dr Livingstone, b R S 
J Beete Jukes, FRS 


Wilham Huggins, FRS 
Dr J D Hooker,FRS 


' T lie preHOut state of Photography 
Anthroj oinorphoua 4pos 
I Progress of rtsearclios in ierrestrial 
Magnotiiin 
CharacUrs ofl^ieciLS 
Assyrian and Babylonian Antiquities 
and I Ihnol gy 

Retint diHCOvones in Assyria and 
Billy Ionia with the results of Cunei 
1 nn rescan h up to tlio present 
tinu 

CorrclutRU of Physical lorccs 
1 ho Atlantic 1 oh graph 
Recent diwoviries in Africa 
Ihe Irmstones of Vorkslure 
The Fi Hsil Mammalia of Australia 
Geology of the Nurthem Highlands 
I lictncal Dischargee m highly rare 
j find Mwlin 

PhysKttl C onstit ition of tlio Sun 
Arctic Diwovi ry 
] Spectrum Analysis 
I Ihe Ute Eclipse ot the Sun 
The Forms and Action of Water 
Organic Chemistry 
The C homistry of tho Galvanic Bai« 
tery considered in relation to Dy¬ 
namics 

Tho Balloon Ascents made for Uie 
Bntuh Association 
Tho Chemical Action of Light 
Reoent Iravels m AInca 
Probabilities as to the poution and 
extent of the Coal measures beneath 
tho red rocks of tho Midland Goun 
ties 

The reeulU of Speotriun Anolysit 
applied to Heavenly Bodies 
Insular Floras 




XIST O? EViSNmO tKCTCRBS. 


\ 1 ui 


Date and Plaoe 
1867 Dundoo 

18f)8 Norwich 
1800 Lxeter 

1870 lji\or[)0 1 

1871 1 linburgh 

1872 Bnglilon 

1873 Bradfoid 

1874 Bclfaat 

1876 Bristol 
1876 Glasgow 


Lecturer 


Archibald Geikie F R S 

AU lander ITorschel F R A S 

J Pergiiwson P R S 

Dr W Odlng FRS 

Prof J Ph Uips TI D 1 R9 

J Norman Lookycr IRS 

Prof J Tvnd II I L D FRS 
Prof W t Mao 11 ni R«i kine, 
LLD FRS 
1? \ Abel IRS 

F B Tylor P R S 

Prof P Martin Dunoau M D 
FRS 

Prof W K Cl fford 

Prof W C WilliamsoTi FRS 
Prof Clerk Maxwell FRS 
Sir Jibn Lubbock Bait M P 
FRS 

Prof Huxley P R S 

WiUiom SnotlisN^oode LHD 
FRS 

F J Bromwoll FRS 
Prof Tait P RSR 
SirWjville rhomson FRS 


Subject of Discourse 


The Geological origin of tlio present 
Isjcencry ot booLlaud 
The present state f kn wledgO ro 
gard ng Meteors and Motoontes 
ApLlawjlogy of the early B iddhiat 
M muiuonU 

Reverse Chen i ill Aetious 
Vesuv s 

11G Physical Coi stitutiou of the 
bt rs an 1 N bulir 

11 e So I tific Vw of the Tnia^,ii Uion 
Stream 1 ueaandAA ives me nuoxion 
w Lh Naval Architecture 
Soi 0 recent investigntiona and appli 
cut ona of Explosive Agents 
TL e Relation of PrumtMO lo Modem 
C >iliBat4on 
Iiibcct Melumorphosis 

n e Aims and lustrumenU of Scicu* 
life Tbo igUt 
Cod and Coal Plants 
Molooulw 

Common Wild Flowers couaidered m 
relation to InseoU 

Tbo Hypotliesii that Animals are 
Automata nud its History 
The C oloura of i\ 1 irixed Light 

RhiIwva S ifcty ApphauocB 
F re 

JIk ChaUtiigcr Expedition 


Lectures to the Operative Classes 


1067 Dundee 

1868 Norwich 

1869 Exeter 


1870 Liverpool 
1872 Brighton 

1071 Bradford 

1074 Belfast 

1075 BnsUA 
1876 Glasgow 


Prof J Tyndall LLD FRS 
Prof Huxley LLD PR 8 
Prof Miller M D P R S 


Sii Tohn Lubbock Bart MP 
FRS 

William Spottiswoofle LL D 

FRS 

0 W Siemens Dcr FBS 
I Professor Odliug FRS 
Dr W B Carpenter FRS 
Commander Oamert n 0 B R N 


Matter and Force 
A piece of Chalk 

Ex^riniental illustrations of the 
modes of detecting the Composi 
Uon of the Sun and other Heayenly 
Bodies by the Spectrum 
Savages 

Sunshine Sc» and Sky 
Fuel 

1 he Disoovery of Oxygen 
A piece of Lltneetoue 
A Jouiney through Afrtoa 
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REFOET— 1876 


Date of Meeting 


1831 Sett 27 

1832 T lie 19 

1833 Juno 15 

1834 ‘^ ] t 8 
183? Au^ 10 
1836 Auf.^ 12 
1S37 feept II 

1838 Aig 10 

1839 Aug 26 

1840 Sept 17 

1841 July 10 
1841 Juno 13 

1843 Aug 17 

1844 S(pt 16 

1845 June 19 

1846 Sept 10 

1847 June 13 

1848 Alt 9 

1849 

1850 July 21 

1851 July a 

1852 Sept I 

1853 Sept 3 
1851} Sept 20 

1855 Sept 12 

1856 Aug 6 
i8s7»Aug 26 

1858 Sept aa 

1859 Sept 14 

1860 June 17 
j 86 i Sept 4 

186 a Oct I 

1863 Aug 16 

1864 Sept 13 

1865 Sept 6 
186b Aug 12 

1867 Sept 4 

1868 Aug 19 

1869 Aug 18 

1870 Sept T4 

1871 Aug a 

1872 Aug 14 

1873 Sept 17 
1874, lug '9 
187s, Ing 15 
1876 Sept 6 
ig77,»lug 15 


7 able shou tnq the Attaidance and Becetpt^ 


Wlicro lieM 


PreHidente 


Old Life 

New Life 

Members 

Members 


loi k 
Oxford 
Can bridge 
Fdinburgli 
D ibhn 
Bi ^tol 
Liverpool 

latlo on lyiie 
Binningbam 
0 laagow 
Plymouth 
Manchester 
( ork 
\ork 

(. ainl ndgo 

S tliamptoii 

Oxford 

Swansea 

B muiifjham 

rdmbiugh 

Ipswich 

Iklfast 

Hull 


Tnorpool 

Glasgow 

C1 elteuliam 

Dublin 

Leeds 

Aberdeen 

Oxfoi d 

MantbesUr 

Cambridge 

Newcastle on Lyne 

Bath* 

Birmingham 


^!iain 
Dundw 
Norwich 
Lxoter 
I ivcrpool 
Edinburgh 
Brighton 
Bwmford 
Belfast 
Bristol 


Glasgow 

PlymoulJi 


Ih I arl Fitrwili an D C L 
IhelUv W Buckland b RS 
liie Rev A Sedgwick I R S 
Sir T M Ermbane D C L 
J he Rev Provost. I lov d LL D 
The Marqu s ot Lansdiwi 0 

I ho Lari ol B irl ngton F K S 
Tl 0 Duke of Noithuii beiluml 

II e Rev W Vtnion Hnroourt 
Ihe Marqtiis of Breadalbano 
JhoR V W Whewell FRS 

i I e T/>rd 1 1 ai c s 1 gei ton 
Ihe Tarl of Roaee h R S 
n 0 Rtv G Peace k D D 
Sir J In h W Hcrscl el Birt 
S r Rod rtek T Mu ch s n Barf 
Sir Robert JI Inglis Ikrt 
J ho Mnrq IIS ot Northampton 
The Rev 1 R Robinson D T> 
Sir David Brewotor K 11 
G B Airy Aatron Royul 
Lieut Gw oral Sabine FBa 
Will am llopkmfl Esq F R S 
Tlie Farl of Harrowby F B 8 
The Duke of Argyll VRS 
Pref C G B Daubeny MB 
ThoBcv Humphrey I lo>d D D 
Richard Owen M D D C L 
n R H The 1 nnce Consort 
Tho Loid Wrottcsley M A 
Willmiii bairbiiirn LLD FRb 
The Rev Prof Wilhs MA 
Sir W ilham G An wtrong C B 
Sir Charles Jyell Bart M A 
Prof J Phillips MA LLD 
illiam B Grovo Q C IRS 
llio Duke of Buooleuch K C 13 
Dr Joseph D Hooker PRS 
Prof G G Stokes D C L 
Prof T H Huxley LLD 
Prof Sir W Thomson LL D 
D# W B Carpenter IBS 
Prof A. W Waimmaon FK8 
Prof J TVndall LLD FRS 
Sir John Hawkabaw OB FRS 
Prof T Andrews M D F R s 
Prof A lhoui«m, M D F R S 


169 

<5 

303 

169 

109 

28 

226 

150 

313 

36 

241 

10 

314 

18 

*49 

3 

227 

22 

»35 

9 

I7» 

8 

264 

lo 

141 

>3 

138 

^3 


33 

183 

*4 

236 

*5 

222 

4 * 

184 

27 

186 

21 

1 

113 

»39 

1 *1 

Z03 

36 

287 j 

40 

291 

44 

207 

3* 

167 , 


196 1 

18 

204 

21 


39 

246 

28 

»45 

36 

212 

27 

161 

J3 

239 

36 

221 

35 
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at Annual Meetings of the Association. 



Attended by 




Amount 

Sums paid on 
Account of 
Grant# for 
Scientific 
PurposeB 

, Old 
Anniial 
Member#. 

Now 

Annual 

Member# 

AiMOCiatc# 

Ladies 

Foreigners 

_ 

Total ' 

1 

received 
dunng the 
Meeting 


. 


• 1 


353 

£ i / 

£ 9 <1 

1 

• • 

•* 

• 

1 

t 

1 

• 1 

• 

900 

1298 


20 0 0 

167 0 0 

46 

75 

317 

376 

33 t 

1 

1100* 

6o* 

331 * 

34 

40 

18 

1840 

2400 

1438 

>353 

891 

* 3*5 


434 '4 0 
918 14 6 
956 12 2 

>595 >> 

1546 x6 4 
1235 10 II 

1449 17 8 1 

7 * 

45 

94 

185 

190 

12 

9 ^ 

407 

160 

460 

172 

35 

1079 

* s 

1565 10 a 1 
981 12 8 

830 9 91 

6 S 

39 

170 

196 

36 

*57 


685 16 0 1 

197 

40 

495 

203 

53 

1260 


2u8 5 4 

54 

as 

376 

>97 

>5 

9*9 

707 0 0 

17s I 8 

92 

33 

447 

437 

42 

1071 

963 0 0 

>59 *9 ‘ 

128 

42 

510 

*73 

44 

1241 

1085 0 0 

145 1* 0 

6j , 

47 

444 

141 

37 

710 

620 0 0 

39 * 9 7 

63 

60 

Sio 

291 

9 

IJ08 

iog5 0 0 

304 6 7 

56 

57 

367 

436 

6 

876 

903 0 0 

205 0 0 

til 

111 

765 

5*4 

10 

1804 

1884 0 0 

330 19 7 

141 

XOI . 

1094 

543 

z6 

1133 

2311 0 0 

480 16 4 

104 

48 

411 

346 

9 

»>5 

1098 0 0 

734 >3 9 

156 

140 

900 

569 

46 

4022 

2015 0 0 

5°7 15 3 

Ill 

9 * 

710 

509 

>3 

1698 

1931 0 0 

618 18 2 

>»5 

>79 

1206 

821 

11 

*s 4 

2782 0 0 

684 1X I 

177 

59 

636 

463 

47 

1689 

1604 0 0 

1241 7 0 

184 

>aS 

1589 

79 * 

>5 

3<39 

3944 0 0 

llll 5 iO 

150 

57 

433 

14* 

*5 

1161 

1089 0 0 

1293 16 6 

1608 3 10 


109 

1704 

1004 

*5 

3335 

3640 0 0 
2905 0 0 

iSi 

103 

1119 

1058 

>3 

4804 

1289 15 8 


>49 

766 

508 

13 

>997 

2227 0 0 

I 59 > 7 10 

118 


960 

77 > 

II 

2303 

2469 0 0 

>750 >3 4 i 

ai 

tii 

1163 

IV 

7 ^ 

*444 

2613 0 0 

1739 4 0 

1x7 

710 

1 63 i 

45 t 

Z004 

2042 0 0 

1940 0 0 

119 

107 

678 

1 €00 

>7 

«i 5 « 

1931 0 0 

157a 0 0 1 

303 

>95 

XI03 

910 

*4 

2878 

3096 0 0 

1472 2 6 1 

3 H 

X »7 

976 

754 

It 

2463 

2575 0 0 

XI85 0 u 1 

180 

80 

937 

911 

43 

*533 

1649 0 0 

1685 0 0 

*37 


796 

601 

11 

1983 

1110 0 0 

1151 ]6 0 

231 

*s 

817 

630 

12 

1951 

1979 0 0 

960 0 0 

307 


884 

672 

>7 

2248 

2397 0 0 

1092 4 4 

331 

iSj 

1165 

711 

>5 

*774 

3013 0 0 


* tiadie« were not admitted l3,T piirchawHl Tickets unUl 1843, 
t XiokeU {Sot admiiaioQ to So^lons onl^, | Includinf Ladui, 
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Ori'ICERS OF SECTIONAL COMMITTl FS PRESENT AT THE 
GLASGOW MEETI>G 

SBCTIOW A —HATUBMATTCS AND PHT8TCH 

1 m J t —1 of bflor S r \V 11 am T1 omaon, MA III) D(I IRS FRSl 
f ice^Prttuie U 9 —IVofesBor Rlackb rn M A Professor OreD ona Professor 
Grant M A LI D IRS F R V S lie 1 r f s or Haughton M A F R S 

P f Rsor \ S Hersol el R \ IRAS D J Jansaeii Rev Dr LI yd 

IKS P ofess r (.lork Maxv^ell IRS irTn (_ (3Sk Sec H S 
3 ro essor I O Tait 1181 I r foss r \V 11 
6 creUi ea —1 rofessor W I Rarrett bRSI M1I \ lOS JT Rorttom 
ley M V F R 8 > >( S Profess r G lorb sR\ FRSL JW I 

Gla si T M A 1 li S 11 V b rhomas M r M \ b U S J 

8FCTI0N a-OHKW Sll Y A1?D WTNKKAIOOY IKCLUITNO TUBIH AI PLICATIONS TO 

A R UTITTRE AND TUT ARTS 

} c 1 W 11 I rl 1 US S retarv ot 1 (1 u nl Soc t 

V P H } its —1 ref s. r 1 A drcws M 1) 1 K s I rofesaor C r n Rro vn 
AtT) FRSl \S ColsFRS 1 n^f saur T J rg iro M A l^rofe feor 
G ( boater 1 US 1 r G 11 e t P R S 1 of or J H (Radstone F Kb 

1 rofos orLlmundJ Mils 1) 8c 1 1 S 1 rof s r V W Willamson F R S 
Tomes \o ng F U S 

Sr da s —\\ R r \\ Cl andl r Uob rt 1 US Tol M J1 omfKjn 

I U S A\ V I Ucn 1) Sc 

bKCTIO>i 0 - FOLOO\ • 

P s Ir^rd —1 rofp sop Job \ oung M O 

V JSr de ts Tl fl ( aco ll o R ke of Arg 11 IvF ITT) FKS Profossoi 

A (teik e I L 1) r U 8 1 rofe or L TI 11 I R S J Gwyn Jefl&^ys 

IIDPUH M log 11 I US R IWltlrMVFOS 

Stc et res-—Jas A strung F W liudl I ( S M Toploy FG8 

SLCnON I>- 07 fli 

P €S Int-^A Russel Wallic 1 LS PUGS 

T tee P and nts —Prof r or Ralfo r M D P U S G Rontl a P R S Profosaor 
A Rucl anan M R ^ 1 ofe s r Olcland MR F U S Rp IerI nand f ol n 
Professor R ckson MR IIS I^rofessor (!n bo Profess r Haeckel Dr 
Hooker IRS J M Ke 1 1 IKSl I f orM rre I rofoeaor 

Newton F U S Rr Uc If m Dr Allen T1 o nson FKS hr Wyville T1 om 
B n 1 US Rev Co u Ir'^tran F Kb 1 oleseorM C W Uiamnon FRS 
iS cretar s —K K Alsto 1 / S . Hyde Clarke Dr lujox M \ Professor M 

II M Nab MR Rr M i lioad iTof ssor Morrison WatSi n 

SLCTIOK E —GNOGEArHT AND ETHNOLOOT 
Prestdeni —Capta u Fvans C B FRS Hydrogmpher to the Admiralty 
Jtee^Pf sidenU —General S r James L Alexander KCB FRQS SuTE 
Colebrool e R rt M P Capta n Ro glos Galton C R F R S A Klnnaird 
Ml n oval or C stofo o Negn OoL R I Play lair Oommai der F H 
Vemey II N 

—H W R itea FIS Assist Sec RG8 ECR^elZSl ibranan 
R G 8 B 01 phant Mod 

SLCrrON P —ECONOMIC 8CTENCB AND STATISTICS 

P indent Sir George Campbell KOSI DCI MP.PUGS 

V ce P endetUs —G Anderson M P P ncipal Caird I) R, Charles Cameron* 
LT D MP J G Fuel M V , J Grieve MP GW Hastings J Hev 
wood IRS Judge 1 ougheld Lord O Hagan 1 he Loid 1 rov^t of Olasgn^ 
Sir James Watson 

Secretaries —A M Neel Caird. T G P Hallett MA W Neilson Hancock.^ 
LLD MKIA W Jack \LA LLD 

SBCTtON 0 —MKCHANICAL SOUJfCJ; 

JVwkfew/—C W Memfleld PRS 

V%oe~Prendent9 —0 Beigerou F J Braiawell FRS W Froude, M A C F 
FRS Sir John Hawkshaw, F R.8 O W Slemeiis I> CI i FRS^ Thomas 
Stevenson ^Profesaor Jamee Thomson M A LL D F R S P 
(SberstomsW Bottomlev j n M J M liar J N Shoolhred, 0 E» F G S , 
J P Smith CF » » I 



OFFICERS AND COUNCIL, 1876-77 


PRESIDENT 

PBOFSSSOa TEOMA8 A\DKBWB M D Ui D J? R S Hon P R 9 E 

VICE PRESIDENTS 

Hii 0rftoe tbo Di kk of AntnlL KT LLP Prof tiior Br W LtlAM Tu MfW)^ MA LLP 
PBBL Sc£ FOB PtI FRBLAE 

The Lord Pnovosr of Olaroow Prof naor Allk*? TnoMfloir M D LL D F R S L. 

Blr WrritAH Btielin Maxwkll Bart KT 
M A M P Prof Hsor A CRiMBA TTD FR8 FOB 

Ja itsYo NO Esq 1* R B i L B 

PRESIDENT ELECT 

PROFESSOR ALt EX THOMSON MU LLP FUSL&E 

VICE PRESIDENTS ELECT 

The H ([ht Hon tl Karl of MoT7^T ] or W J l am I-Koi nt Laq M A CF F R II 

The B ght Hon LoRpBL^r^onP KOMO C n jb Hi ce JIatf Limj FR9 PL 8 

H ILLIAH SrOTT 8 r o F Faq M 'V J L r 
FRB FE AS FRO 9 

LOCAL SECRETARIES FOR THE MEETING AT PLYMOUTH 

W LI AMAriA R Fri ] Ham lion W tl Ftiq 

Wll LIAM S(j A E 1 aq I 

LOCAL TREASURER FOR THE MEETING AT PLYMOUTH 

> ^ 8 H >*q 


ORDINARY MEMBERS OF THE COUNCIL 


Abki PA Faq FRS 

Ate CE B rJU F R f n 

BitAMwrLT F J Fho cl FRH 

Caylk\ Prof ua r I* li H 

PFLARF^\AnHl PCI TRB 

R\ a>8, J Faq FRH 

Fah Dr YV FRS 

l?i VFn Prof ssorW K > RS 

Fko I>L W L q 1 R h 

O A88 o J P h aq P f T Lf P ] R S 

HUMO r J bflj P R H 

H aiTOh K Hon r rl FRS 

Ho INS W L»q FRS 


li-rrR 8[U \ isqFRS 
A1 AK L^Nr Pr f N 8 A1 A IRS 
Max l IrotwtsrJ LLUkKHB 
M L C Y Kaq 1 R 8 
N N I r f »ao \ CRH 
O A^>^K^ A1 flip CB FRB 
1 G W 1 aq J U S 

P 8 uPfaorJrRS 
Ro H P of iBor ( M A F B B 

R M I- Pr r saor K F PI I F U 8 
J 88FL Pr W J 1 H 8 
Hr 1 Profesaorll J 9 FRS 


GENERAL SECRETARIES 

Uit DoigLASGal on f B Pf I FRS FOS 1 Cl t rStreet OroarenorPUo Londo SW 
PniLip Llt ky Be n Laq MV PI P I RB FLH 1] Hano r Sqn re London H 


ASSISTANT GENERAL SECRETARY 

Ofor R Gritf h E»q M A F L 8 lUrroM ou the h U M ddle» i 


GENERAL TREASURER 

ProfcaaorA WlLA 8 ILD FB8 ICS tin ure ty ColIeRu Lon Ion WC 

EX OFFICIO MEMBERS OF THE COUNCIL 

1! Trusteea tl a Prei d nt and F a dentEl tile Pre# 1 nta of former yeari tl o e Prea denU ind 
\ oe Prt*fl d nlB Elect tl U n ral « d Aaa Hta t Ge rol Seer h a f r the ^rca nt and former ytara 
t) e G neral IreMurers for tl u proa tundfor r ye ra n dtl « local Lr Murer a 19 rcta a^rthe 
naning Moot ng 

TRUsTFES PJKMVNRNl) 

G neral fe r Ki wa i Sad nfKCB KA PCI FBB 
B r Pu TIP 1 K M Gri-\ Foi-rtoi; Bart MV iRB FGS 
Sr Jo vLu ocK Bfl't Ml FRS 1?L8 


The Pnke of Pot nahire 
Tl e Hev T R Rob naon P P 
H r G B Airy Aatrononier Royal 
GeneralSrR BabnsKCR 
The Bwl of Horrowby 
The Poke of Argyll 
The a V H Llo^ D D 


PHE8IPFKTS OF FORMFR YFAR9 


R hnrl Owen M P P ( L 
H r M a Ar k rong C fl LL.P 
HrW Urn « ( ro p I R 8 
I The Puke of Bu leuch K G 
I Dr Job j h D Hooker D C f 

Prof MOT Bfcokco, M A P C L 


Prof Hull y LL.P S o B 8 
Prof 8 r W Tl omeon D 0 L 
Pr Can enter F R.S 
Prof W lliamion Ph D FRS 
Prof Ionian PCL FRH 
9 r Job 1 Ha^kehaw C K F R 9 


T ChdtoBfJBM 
pr T ATfaira, 


FBS 

PBB 


OENEBAL OFFICERS OF FORMER YEARP 

I Gen 8 r E Sabine KCB FRB I Dr T Thomson FRS 
I W Spottiawoode Rnq F R-S I Dr >1 haol Fo«t r 1 E 8 


ProrniorA- 0 Forter FB 8 


AUDITORS 

W BiK>Hl«rood E«i FBS 


Ua^at Oeueral Strochey F H,6 
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R^ori of iho Ooiined for Uu Tear 1876-76, presented to Ou General 
Committee at Glasgow on Wednesdayy September 1870, 

Tho Council have much regret in announcing that Sir Robert Christison, 
who woe elected President for tho Glasgow Meeting, informed tho Council in 
tho course of last winter that he felt himself unable to preside, in oouse- 
queuco of tho state of his health. Under these ciroumstances tlio Council 
selected Dr, Andrews, of Belfast, for nomination for tho office of President; 
and the first business of tho General Committee of tho Association will be to 
confirm this nomination. Tho Council also recommend that Mr. J. Young, 
F.R 8 , be elected a Vice-President of tho Association. 

The Council have received Reports during the past } ear from the General 
lYeasurer, and hia Accounts for Uie year w ill be laid before tho General Com¬ 
mittee this day. 

The General Committee at Bristol referred the following four Resolutions 
to the Council for thoir consideration, and they beg to report their action 
thereon in each case :— 

First Besolutlon ,—“ That the Council be requested to consider tho ro- 
oommondations of tho Reports of tho Royal Commission on Hoiontific 
Instruction and the Advancement of Science, and to take such action 
thereupon as may seem to them best calculated to advance the inte¬ 
rests of Natural Science.” 

The Council having considered this Resolution, waited as a deputation 
upon the Lord President of tho Council and upon tho Secretary of State for 
tho Home Department, and urged upon the Govonunont tho opinion of the 
Association that it is of tho highest importance to tho welfare of this country 
that the Government should without delay give systematic material aid to the 
development of tho higher Scientific Education, in tho spirit of tho Fifth and 
Eighth Reports of the Royal Commission on Scientific Instruction and tho 
Advancement of Science; and the Council further urged upon tho Govern¬ 
ment that, in the selection of Members of tho proposed University Commis¬ 
sion, Science should bo duly represented. The Government promised to give 
drle consideration to the representations of the British Association ; and they 
have increased the amount of tho Grant to the Royal Society for aiding 
Boientifio Investigation. 

Second Resolution *—“ That the Council bo requested to take such stops 
as they think suitable for renewing their representations to the 
Secretary of State for India, as to the importance of establishing an 
Observatory for Solar Physics in India, In conformity with the reoom- 
mondations of tho Royal Commissioners on Scientific Instru^on and 
the Advancement of Science." 

Hie Oonhoil having learned that steps were being taken m India in refor- 
ehoe to this matter, deemed it advisable to defer any action for the present. 
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Third Resolution —“ That tho Council he requested to consider nnd 
report upon the manner in which the Members of Committees and 
other Officers of Uie Association shall be selected, and whether Ladies 
shall be admitted to such offices, and if so, to what offices, and under 
what conditions/' 

Upon^ this Resolution tlio Council have come to the following conclusion, 
viz..— 

That it does not appear to have been the practice of the British 
Association to elect Ladies as Officers of the Association, or to 
place them upon tho General or Sectional Commit toes, and they 
aro of opinion that no ease has boon made out for altenng tho 
practice hitherto in force 

Fourth Resolution —“That the Council be requested to take into con¬ 
sideration the expediency of appointing Representatives to attend tho 
International Statistical Congress to bo held at Buda-Pesth in 1873.” 

Tlie Council have not taken any action on this Resolution. 

Tho Council regret to have to announce that Dr. Michael Foster, M.A., 
F.ILS., is unable to continue to act as ono of the General Secretaries of tho 
Association. They cannot refrain from expressing thnr regret at tho loss of 
his valuable servicos. 

The Council have agreed to recommend tlmi Mr Philip Lutloy Sclater, 
F.R S , bo appointed ono of the Oenoral Sccretancs m his plnoe Mr. Relator's 
name will be proposed to the Geiieial Committee at the Meeting for tho 
Election of the Council and Officers on Monday next. 

The Council have added to the List of tho Corresponding Members of tho 
Association the names of the following gentlemen present at the last Meeting 
of the Association, viz ;— 

Dr. KachtigaL 

Dr. Oppenheiin. 

Dr. E. L. Youmous. 

The Council havo been informed that invitations for the Meeting to be hold 
in 1878, or following years, will be presented from Leeds and Dublin, 

The following are the names of Members of Council for the past year who, 
in aocordanco with the regulations, are not eligible for rc-elcction this year, 
ri*.:— 

Mr. Bateman. Right Hon. Lyon Playfoir. 

Professor G. C. Foster. Dr. C. AV. Biomens. 

Mr. Lockyer. 

The CoUDcal commend tho ro-election of the other ordinary Hornby of 
Council, with the addition of the gentlemen whoso names are distinguishod 
by an asterisk in tho following hst •— 

Abel, F. A., Esq., F.R S. *Froude, W., Esq., P.B.8. 

*Alcock, Sir Rutherford, K C B. Gossiot, J, P., Esq., D.C.L., LL.D,, 

BramweU, F. J., Esq., C.E,, F.11.8. F.R 8. 

•Cayley, Professor, P.R.8. Heywood, J., Esq., F.R.8. 

De La Rue, Warren, Esq., D.O.L., •Houghton, Lord, F.R.8. 

F,ILg. *Hugglni, W., Esq., P.E.S. 

Evans, J,, Esq., F.E.8. Jefl^ys, J. Qwyn, Esq., P.R.8. 

FatTi^ Dr. F.B;8. Maskdyne, Prof. N. 8., M.A., FJUS. 

Flower, Professor W. H., P.R,S. Maxwell Professor J. Clerk, F.&pl^ 
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Morrifleld, C. W., Esq.* F.K.S. , 

Newton* Professor A., F.K.S. 
Ommanney, Admiral E., C.B.*F.Il.B. 
Pengelly, W., Esq., F.K6. I 

Treatwioh, Professor J., FES. i 


EoUeeton, Professor G., M.A., F.R B. 
Roscoo, Professor H, E * Ph.D, 
F.R.8. 

Russell, Dr. W. J., F.R.8. 

Smith, Professor 11. J. S , F.R.fi. 


RbOOILHENDAXIONS ADOVTtD BY TtTE GENERAL CoMMITTEB AT TOE GlASOOW 
Meeting ik September 187fi. 

[When CoininvtloM are appoitilod, the Member first named la regarded as the SeoreUry, 
except there in a ejK^iflc nomination ] 


Involving Grants of Monvy, 

That tbo Coramittou on Underground Terapenituro, consisting of Professor 
Everett, Professor Hir W. ^lonison, Professor J. Clerk Maxwell, Mr. G. J. 
Symons, Professor Ramsay, Piofessor Ocikie, Mr J Claishcr, Mr Pen golly, 
Professor Edward Hull, Profeasor Ansted, Dr Clement Lo Novo Foster, 
Professor A. 8. Hcrschel, Mr G A labour, Mr A. 11 Wynne, Mr Galloway, 
and Mr Joseph Dickinson, bo roappomted, that Piofossor Everett be the 
Secretory, and that the sum of X50 bo placed at thoir disposal. 

That tho Committee, consisting of Professor Stokes, Dr. Do La Rue, Pro¬ 
fessor Clerk Maxwell, Professor W. F. Barrett, Mr. Howard Grubb, Mr. G. 
Johnstono Stoney, and Professor R. 8 Ball, for examining and reporting 
upon tho reflective powers of silver, gold, aud platinum, whether in mass 
or chemically deposited on glass, and of speculum metal, bo reappointed; 
and that tho grant of X20 which has lapsed be renewed. 

That Professor Sir William Thomson, Professor Tait, Professor Grant* 
Dr. Siemens, aud Professor Purser bo appointed a Committee to undertake 
experiments for tho Measurement of tho Lunar Disturbance of Gravity; and 
that the sura of ^£50 bo placed at their disposal for tho purpose 

That the Committee on Thermo-Electricity, consisting of Professor Tait, 
Professor TTOdall, and Professor Balfour Stewart, bo reappointed; and that 
the grant of .£60 which has lapsed bo renewed. 

That the Committee, consisting of Professor Cayley, Professor G. 0, Stokes, 
Professor H. J. S. Smith, Professor Sir W. Thomson, and Mr, J. W. L. 
Olaiaher (Secretary), be reappointed, that the tables of tho Elliptic Function* 
be completed and published; Uiat the sum of .£260 be plaocrl at tho disposal 
of tho Committee for the purpose, and that it bo referred to the Council to 
settle the details of pubboation 

That tho Committee, conaisting of Dr. Joule, Professor 8ir W. Thomson, 
Pjrotessor Tait, Professor Bolfiur Stewart, and Professor J. Clerk Maxwell, 
for eflboting tho determination of tho Mechanioal Equivalent of Heat, bo 
reappointed; and that the sum of XlOO be plaeod at their disposal for tho 
purpose. 

TbMi the Committee on Luminous Meteors, consisting of Mr. James Qlaisher, 
Mr. P, Charles Brooke, Dr. Flight, Professor G* Foibes, and 

Professor A* 8. Hersohel, be roappomted; that Professor Hsrsohel be tho 
Secretory, and that Uie sxito of 4^ b© placed at their disposal. 
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That Professor G. Forbes and Professor Sir W. Thomson bo a Committee 
for the purpose of endeavounng to make arrangements for the taking of 
certain observations of Atmospheric Electricity in India; that Professor G, 
Forbes be the Secretary, and that the sum of XJ5 bo jdaced at their disposal 
for the purpose 

That the Committee for inroBtiguting the methods employed in the esti¬ 
mation of Potash and Phosphoric Acid in coiinnorcial produrts bo reappointed ; 
also that Mr E W Paincll and Mr OgiUie bo added to the Committee; 
that Mr Allen bo the Secretary, and that the sum of £20 bo placed at their 
disposal for the purpose. 

ITiat I)r. William Wallace, Profcssoi Dittmar, and Mr. Thomas Wills be 
a Committee for the purpose of ropoiting ou the best means for the develop¬ 
ment of Light from Coal-gas of diffeient qualities , that Dr. Wallace bo the 
Secretary, nnd that the sum of £20 be placed at thou* disposal for the 
purpose. 

Thai the Commitbv, consisting of Dr. F CloTves and Dr. W. A Tilden, 
for tho purpose of examining tho Action of Ethylbromo-butyrato on Eth}l 
Bod-acoto-acetate, be reappointed , that Dr Clowes bo the )Secretary, and that 
tho sum of £10 bo placed at their di'iposal for the purpose. 

That the Committee, consisting ot Dr Aimstrong, ProfcBsor Thorpe, and 
Mr. W. W Fisher, for the ])urpoB0 of mventigating tho Isomenc Crcsols and 
tho Law ot Substitution m the Phenol Beries, bo reappointed; that Dr. 
Armstrong bo tlie Secretary, and that tho sum of £10 bo placed at their dis¬ 
posal for the purpose. 

That Mr, W. N. naitley, Mr J. M Thomson, and Mr. W Chandler 
Roberts bo a Committee for tho purjmso of investigating tho Constitution of 
Double Compounds of Cobalt and Nickel, that Mr. J M. Thomson bo the 
Secretary, nnd that tho sum of £10 bo placed at their disposal for tho purpose 

That l)r Crum-Brown, and Afessra Dewar, Dittmar, and Dixon bo a Com¬ 
mittee for tho purpose of investigating some methods that ha^ e been recently 
proposed for the (iuantitativc Estimation of Atmospheric Ozone , that Mr. 
E. M. Dixon bo the vSeerctary, and that tho sum of £15 bo placed at their 
disposal for tho purpose 

That Mr W. N Ilnrtlcy, Dr E J. Mills, and ^Ir W. Chandler Roberts be 
a Committoo for tho puriioso of investigating the conditions under which 
liquid Carbonic Acid occurs in Minerals, that Mr. W. N. Hartley be tho 
Bocretary, nnd that the sum of £20 bo placed nt tlioir disposal for tho 


purpose. 

That Mr. J. Evans, Sir J. Lubbock, Bait, Mr E. Vivian, Mr. W. Pen- 
golly, Mr. G. Busk, Professor W. Boyd Dawkins, Mr. W. Ayshford Bandford, 
and Mr. J. E. Leo bo a Committee for the jiurposo of continuing the ex¬ 
ploration of KenCe Cavein, Torquay; that Mr. Pengclly be the Beerctary, 
and that the sum of £100 be placed at their disposal for the purpose. 

That Sir John Lnbbock, Bart, Professor Prestwich, Professor Busk, Pro¬ 
fessor Hughes, Professor W, Boyd Dawkins, Rev, H. W, Crosskey, Messrs. 
L. C. MiaU and R. H. Tidderaan bo reappointed a Committee for the pur¬ 
pose of assisting in tho exploration of tho Victoria Cave, that Mr. Tiddeman 
DO the Secretary, and that tho sum of £100 bo placed at their disposal for 
th^urpose. 

That Mr, J, Evans, Rev. T. G. Bonney, Professors A. H. Green and H. A* 
Nit^idlson, Messers, W. Carruthors, P, Drew, R. Etheridge, Jun., G, A, 
labour, L. C. MiaU, P. W. Rudler, E. B. Tawney, W. Topley, and W. 
Whitaker be a Committee for tho purpose of oarrjdng on Geological 
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Itooord; that Mr. Whitaker be the Secretary, and that the sum of XlOO be 
placed at thoir dispoeal for Uie purpose. 

That Professor Hull, Mr. E. W. Binney, Mr. H Howell, Mr. M. Keado, 
Rev. n. W. Crosskey, Profoaaor A. H. Groen, Professor Harkuess, Mr. W. 
Molyneux, Mr. G. H. Aforton, Mr. Pongclly, Professor Proatwicli, Mr. J. 
Plant, Mr. W. Whitaker, Captain D (lalton, and Mr He Bonce be a 
a Committee for the purpose of investigating' the circulation of tho under¬ 
ground waters in tho Now Red Sandstone and Permian formations of 
England, and tho quantity and character of tho water supplied to ranous 
towns and districts from those formations , that Mr. C E. J)o Ranee bo tho 
Secretary, and that tho sum of XIO bo placed at their disposal for tho pur¬ 
pose 

That Professor A. 8. Hcrscliel and Mr. G. A. Lchour ho a Committee 
for tho pui*poso of making experiments on tho Thermal Conductivities of 
certain rocks , that Professor Ilcrschel bo the Secretary, and that the sum 
of £1 0 bo placed at their disposal for the purpose. 

That Dr. Bryce, Mr J. Brough, Mr G Porbes, Mr B. Milnc-lfome, Mr, 
J. Thomson, Professor Sir W Thomson, and Mr, Potor Drummond be a 
Committee for the purpose of contimimg the Observations and Records of 
Earthquakes in Scotland ; that Dr. Bryco bo tho Secretary, and that the sum 
of .£10 be placed at their disposal for the purpose. 

That Ml. W. Toplcy, Mr. H. Willott, Mr R. A. C. Go<lwin-Austen, Mr. 
Davidson, Prof. Prcstwich, Prot. W. Boyd Dawkins, Mr. II, Woodward, and 
Prof. Hull bo a Committee for the purjmsc of promoting tho Sub-Wcaldon 
Exploration; that Mr. Willett and Mr. Toplcy be tho Hecretonos, and that 
tho sum of ^100 bo placed at their disposal for the puiqibso. 

That Pixifessor Arthur Garagcc, Prolessor Roscoc, and Mr, Priestley bo a 
Committoo for tho purpose of luvoatigating tho Physiological Action of Ortho-, 
PjTO-, and Metaphosphone Acids and ol allied compounds; that Professor 
GaT%eo bo the 8eorotary, and that tho sum of X15 bo placed at their disposal 
for tho purpose. 

That Dr. Hooker, Professor Ohver, and Mr, Dj^or be a Committee for tho 
purjiose of prepormg a Report on tho P'ninily of the Diptorocarpeee , that Mr. 
Dyer bo the 8ecretaiy, and that tho sum of £20 bo placed at thoir disposal 
for the purpose. 

That Mr. 8tainton, 8ir John Lubbock, and Mr. Sclater ho a Committoo 
for the purpose of continuing a Record of Zoological Litoratuie, that Mr, 
Btamton be tho Heoretary, and that the sum of £100 bo placed at their dis¬ 
posal for the purpose. 

That Professor Huxley, Dr. Caiqiciiter, Mr, Bclater, Mr. P. M. Balfour, 
Dr. M. Foster, Professor Ray Lankostor, and Mr, Dcw-8mith bo reappointed 
a Committee for the purpose of arranguig with Dr. Dohm for tho occupation 
of a Table at tho Zoological Station at Naples diunng tho ensumg year; 
that Mr. Dew-Smith be tho Secretary, and that the sum of X75 be placed at 
thoir disposal for the purpose., 

That Colonel Lane Pox, Dr. Boddoe, Mr. Pranks, Mr. P. Galton, Mr. E. 
W* Brabrook, Sir J. Lubbock, Sir W. Elliot, Mr. C. R. Markham, Mr. 

Tylor, Mr, J, Evans, and Mr. P*. W. Rudler bo reappointed a Committee fot 
the purpose of preparing and publishing brief forms of instruction for tra- 
ethnologists, and other anthropological observers; that Colonel Lane 
JPooc be the Secretary, and that the sum of j£26 be placed at their disposal for 
themirposo. 

2aat Ooloael Dane Fox, Proftssor Eolleston, Mr, Park Ilarrieon, Mr, T. 
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H. Price, and Mr. J. K. Mortimer be a Committee for the purpoae of the 
Exploration of Ancient Earthworks and other Prehistonc Kemoins, that 
Goloiiel Lane Fox be the Secretary, and that the unexpended balance of £25 
be placed at their dispoeal for the purpose. 

'fiiatDr, Farr, Dr. Beddoe, Mr Brabrook, Sir George Campbell, the Earl of 
Dacio, Mr F P. Fellows, Colonel Ijane Fox, Mr F. Galton, Mr. Park Ham- 
son, Mr. J. Hoy v/ood, Mr. P Hallctt, Professor Leone Levi, Hir Kawson Raw- 
aon, and Professor lloUeston bo a Committee for the purpose of continuing 
the collection of observations on the Systematic Examination of Heights, 
Weights, &o. of Human beings in the British Empire, and the publication of 
Photographs of the topical races of the Emjiire; that Colonel Lane Fox bo 
the Secretai*}^, and tliat the sum of QO bo placed at thoir disposal for the 
Xrarpose. 

That the Right Hon. J. G. Hubbard, M P., Mr. Chadwick, M,P„ Mr. 
Morley, M.P.. Dr Farr, Hir Gcorgo Campbell, M.l*,, Mr. Hallott, Professor 
Jovons, Mr, Nowinarch, Mr. Shaon, and Mr, Mocnecl Caird (with power to 
add to their number) be continued as a Committee for the purpose of 
farther developing the investigations into a Common Measure of Value m 
Direct Taxation, that Mr. Hallott be the Secretary, and that the sum of 
£10 be placed at their disposal for the purpose of defraying expenses incurred 
and to be incurred in tho inquiry 

That the Committee on instruments for measuring the speed of ships be 
reappointed , that it consist of the following Members Mr. W. Froude, Mr. 
F. L Bramwell, Mr A E. Fletcher, Kov E L Berthon,Mr Janies R. Napier, 
Mr. C. W Merndcld, Dr C W. Biemons, Mr H. M. Brunei, Mr W. Smith, 
Sir William Thomson, Mr. J N Shoolbrod, and Professor James Thomson ; 
that Mr. J, N. Shoelbred be the Secretary, and that tho sum of £50 bo placed 
at their disposal for the purpose. 

That Professor Sir W. Thomson, Professor Clerk Maxwell, Professor Tait, 
Dr. C. W. fiiomens, Mr. F. J, Bramwell, Mr. W Froude, and Mr. if, T, 
Bottomley be a Committee for tho purpose of commencing secular eiperi- 
monts on the Elasticity of Wires; that Mr. Bottomley be the Secretary, and 
that the sum of ^100 bo placed at their disposal for the purpose. 


Applications for Reports and Researches not involving Grants of 

Money 

That the Committee, consisting of Professor Cayley, Mr. J. W. L Glaisher, 
Dr. W. Pole, Mr. C. W. Morrifield, Professor Fuller, Mr. fl. M. Brune!, and 
Professor W. K. Clifford, bo reappointed to estimate the cost of oonstruoting 
Mr. Babbage’s Analyticed Engine, aud to ooiisider the advisability of printing 
tables by its means; and that Professor W. K. Clifford bo the Secretary. 

That Dr. W. Huggins, Mr. J. N. Lockyer, Professor J. Emerson Baytudds, 
Mr. G. J. Stonoy, Mr Spottiswoodo, Dr. De La Hue, and Dr. W. M. Watte 
be a Committee for the purpose of preparing and printing Tables of Wave- 
frequency (Inverse Wave-lengths), and that Mr. G. J. Stoney be the 
Seewtary. 

That the Committee, consisting of Professor Sylvester, Professor Cayley, 
‘Professor Hirst, Professor Bartholomew Price, Professor H. J. 8. Smith, 
Dr, flpottbwoode, Mr. B, B. Hayward, Dr. Salmon, Professor B. Townsend, 
Professor Fuller, Professor KeUand, Mr. J, M. Wilson, Professor Henrid, 
Mr. J, W. L. Olaisber, and Professor Oli&rd, fer considering the poonbUity^ 
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of improving tho naetbods of uiitruotioii ija elomontary geometry, be reap¬ 
point^. 

That 3fr. Spotfciflwoodc, Professor G. G. Stokos, Professor Cayley, Professor 
H. J. S. Smith, Professor Sir W. Thomson, Profeasor Honnoi, Ixird Kayleigh, 
Mr. C. Brooko, and Mr. J. W. L. Qhusher be appointed a Committee to 
report upon Mathematical Notation and Printing. 

That tho Committee on the Magnetization of Iron, Nickel, and Cobalt, 
consifltiug of Professor Balfour Stowart, Professor Clerk Maxwell, Mr. H. A, 
Uovland, and Professor W. P. Barrett, be reappointed. 

That Professor Prostwich, Professor Harknoss, Professor Hughes, Professor 
W. Boyd Dttwkms, Uov H. VV. Crosskey, Messrs. L. C. Miull, G, H, Morton, 

D. HackuiUxih, li, H. Tiddeman, /. E. Lee, T. Plant, W. PengcUy, and Dr. 
Deane be a Committee for the purpose of recording the position, height 
above the sea,"lithological characters, size, and origin of tho Erratic Blocks 
of England, Wales, and Ireland, reporting other matters of interest con¬ 
nected with the same, and taking measures for their preservation; that tho 
Kev. H. W. Crosskoy bo the Secretary, 

That tho llev. II P. Barnes, Mr. C. Hponce Bate, Mr. H. E. Dresser, 
Dr. Gunther, Mr. J. E Harting, Dr J. Ow>n Jeffreys, Professor Newton, 
and Rev, Canon Tristram bo a Committee for tho inirpoao of in^^uinng into 
the possibility of estabbshing a close time for tho protection of indige¬ 
nous animals. 

That Mr Hpenco Bate bo roaueated to contmiio lus Report “On the present 
state of our knowledge of tho Crustacea.'^ 

ibat Mr. R. Bruce Boll, Mr. J. Wolfe Barry, Mr James Brownlee, 
Mr. Henry Brunei, Mr. St. John V Day, Mr. Edward Easton, Mr. William 
Pronde, Hir John Hawksliaw, Professor A. B. W. Kennedy, Dr W, Pole, 
Mr. Hazolton Robson, Mr. David Rowan, and Mr. William Smith be a 
Committee for tho purpose of reporting on tho di/feront kinds of Safety- 
valves used or designed for monno and other engines 

That tho Committee for tho purpose of making experiments and of re¬ 
porting on tho effect of the Propeller on tho turning of Steam-vessels be re¬ 
appointed (with power to communicate with the Government), consisting bf 
Mr, James R, Napier, Hir AViUiam Thomson, Mr. William Proude, and 
Professor Osborne Reynolds; that Mr J. T. Bottomlcy bo added to the 
Committee, and that Professor Osborne Reynolds be the ltk?cretary. 

That the Committee, conaistingof Profoa^or ftir William Thomson, Major- 
General Strochey, Captain Douglas Galton, Mr. G. F. Deacon, Mr. Rogers Field, 
Mi. E, Roberts, and Mr. James N. Shoolbred, for tho purpose of consider¬ 
ing tJho Datum-level of the Ordnance Survey of Great Britain, with a view ^ 
to its establishment on a surer foundation than hitherto, with power to 
oommunioate with the Government if noccssary, he reappointed , tliat Mr. 
James N. Shoolbrod be the Secretary. 

That the Comraittoe, consisting of Mr. W. H. Barlow, Mr. H. Bessemer, 
Mr. F. J. Brarawell, Captain Douglas Galton, Sir John Hawkshatw, Dr, 
C. W. Siemens, Professor Abel, and Mr. E. H. Carbutt, for the purpose of • 
oonsidering tho use of eted for structural purposes, bo reappointed; that 

E. H. Carbutt be tho Secretary. 

That Dr. A, W, Williamson, Professor Sir W Thomson, Mr, Vincent 
Day, Dr. Womens, Mr. Merrifleld, Mr. Nelson Hancock, Professor Abel, Mr. 
B. O&ptain Galton, Mr. Newmoroh, Mr. Carbutt, and Mr. Maoroi^ 

be a Committee for the purpose of watching and reporting to the Counoil 
oa Patent Legation j that Mr. Bramwell be the Secretaiy, 
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Se$oliUioH referred to th$ Council for eo>x$ldcration and action if it Hem 

desirahU. 

That the Council bo roqueated to coniiider, and to take steps if they think 
it desirable, to urge upon H.M. Government tho advisability of forming a 
Museum of Scientific Instrumonta and Chemical Products, as suggested in 
the Momonal presented in Juno last to tho Ix>rd President of H.M. Council. 

That tho arrangement of tlie Journal ol Sectional Prococdings bo altered, 
and that tho hat of the papers to bo road on the day of issue bo placed 
before tho list of papers read on the previous daj. 

That in future the Presidents-elect of the various vScctions bo invited to 
confer with the General Secretary, piepaiatory to the issuing of tho first 
number of the Journal, to arrange the oidcr in which the Sectional Addresses 
should be delivered, so as to afford opportunity to tho Members of the Asso¬ 
ciation to attend the Be\eral Addresses in those subjects m which they may 
be interested, and that the order in which the Addresses are to be road be 
announced in the first number of the Journal. 


Commu)ilcatiO)\e ordered to hepruiUd in extenso in the Annml Eepoid of 

the Association, 

That Professor James Thomson’s paper, ** Improved Investigations on the 
Flow of Water through Orifices, with objeebons to the Modes of Treatment 
commonly adopted,” bo pnnted in extenso m the Reports pf the Association. 

That Mr. W. J, Janssen’s paper, “Nitrous Oxide m tho Gaseous and 
Li^id States,” bo printed in extenso in the Reports of tho Associabon. 

That the paper by Mr G. Cbrystal and Mr. 8, A. Saundor, “ On a Com¬ 
parison of the B.A. Standards of Electrical Resistance,” be printed in extenso 
among the Reports, 

That the paper by Professor Oabome Reynolds, “ On the Investigation of 
tho S^nng-qualitics of Ships,” be pnnted in extenso in the Reports of the 
Association together with the necessary Plates. 
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SynopsU of GranU of Money appropriated to Scientific Purposes by 
the General Committee at the Bristol Meetiny in September 1876, 
The names of the Members who would be entitled to call on the 
General Ti'easurcr for the respective Grants are prefaced* 


3T(tthema(ics and Physics. 

♦Evorett, Proft'SRor.—Underground Temperaturo ... . ^50 0 0 

♦Stokes, Professor.—Rofloctuo Power of Silver and other 

Substances (roncAved) . . . 20 0 0 

Thomson, Sir \Villiam.—Measurement of tho Lunar DiKturb- 

uncB of Gravity . . . . 50 0 0 

•Toit, Professor—Tliormo-Eleetiiut} (renewed). 50 0 0 

♦Ciiyloy, Professor,—Publieatidii of Tables of Elliptic Functions 250 0 0 

•Joule, l)r,—Bctcrminntioa of tho Mechanical Equivalent of 

Heat. 100 0 0 

•Olaishor, Mr. J.—Luminous Meteors .... . 30 0 0 

Porhes, Prof, G.—Ohscnationof Atmosiiherio Electricity in 

India. 15 0 0 

Ohemistrij. 

•Allen, Mr.—Estimation of Potash and Phosplioric And 20 0 0 

Wallace, Hr. W —Light from Coal Gas . . 20 0 0 

•Clowos, Dr, P.—Action of Ethyl Bromo-butymte on Ethyl 

Sodaccto-acetato (ronowed) ,, .10 0 0 

•Armstrong, Dr.—Isoraeiic (hcsols and the Law of Substitulion 

in the Phenol Senes (renewed) . . 10 0 0 

Hartley, Mr. W. N.—Double Compounds of Cobalt and Niokol 10 0 0 

Brown, Prof. Crum.—Quantit.ative Estimation of Atmosphone 

0»one . 15 0 0 

Hartley, W. N.—Liquid Carbonic Acid in Minerals . . 20 0 0 

GeoJoyy. 

♦Evans, Mt* J.—KenPs Cavorn Exploration. 100 0 0 

•Lubbock, Sir J., Bart.—Exploration of Viotona Cave, Settle 100 0 0 

•Evans, Mr. J.—llecord of the Progress of Geology ., . 100 0 0 

•Hull, Professor.—Underground Waters in tho Now Bed Sand¬ 
stone ... r.... 10 0 0 

•Henschel, Professor.—Thortnal Conductivities of Rooks .. , 10 0 ' 0 

•Bryce, Dr.—Earthquakes in Scotland. 10 0 0 

Topley, Mr.—Sub-Wealden Epxloration . IQQ 0 0 

Carried forward. XllOO 0 0 


• Besppointed. 
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Brought forward .^1100 0 0 

Gamgee, Prof —Physiological Action of Ortho-, Pyro-, and 

Meta-phosphonc Acids 15 0 0 

Hooker, Dr.—Report on the Family of the Dipterocarpe® 20 0 0 

•Stainton, Mr.—Itecord of Zoological Literature... . . 100 0 0 

•Huxley, Professor.—Table at the Zoological Station at Naples 75 0 0 

•Fox, Col Lane—Exploration of Ancient Earthworks (renewed) 25 0 0 

•Fox, Col. Lane.—Instructions for the use of Travellers. 26 0 0 


iSiaUstics and Economic Science, 

•FftTT, Hr.—Anthropometrio Committee (partly renewed) . lOO 0 0 

•Hubbard, Eight Hon. J, G.—Common Measure of Value in 

Direct Taxation .. . 10 0 0 


Mechanics, 

•Froude, Mr. W.—Instruments for Measuring the Speed of 

Ships (partly renewed) ... .. . . 60 0 0 

Thomson, Sir William —Secular Experunonts on tlie Elasti¬ 
city of Wires . , 100 0 0 

Total . il62(P 6 0 


* i^eappointed. 


The Annual Meeting tn 1877. 

The Meeiing at Plymouth will commence on Wednesday, August 16, 1877. 
2^ee of Meetif^ in 1878. 

The Annual Meeting of the Ajssoeiation in 1878 will be held at BubUn. 






asNIBAI. 8TATCMXNT 


llX 


General Statement of Sums which have beenptud on Account of Grante 
for Scientific Purposee, 



£ 

■ d 1 

lSd4 

Tide Discussions 

30 

0 


1835 

Tide Discussions 

62 

0 

0 

British Tossil Ichthyology 

105 

0 

0 


£lb7 

“o 

0 

1636 

Tide D bCUtiB ont 

163 

0 

0 

Br tish Fossil Ichthyology 

IOj 

0 

0 

Thermometr c Observai ons 

&c 50 

0 

0 

Cxperiroenta on long cont 
Heat 

ued 

17 

1 

0 

Ram Gauges 

0 

13 

0 

RefVact on Lxper menu 

IS 

0 

0 

Lunar Nutation 

60 

0 

0 

rhermometers 

15 

6 

0 


£434 “ 

14 

0 

I81T 

Tide Discussions 

284 

1 

0 

Chemical ConsUnU 

24 

13 

6 

Lunar NiiUtton 

70 

0 

0 

Observations on Waves 

100 

12 

0 

Tides at Bristol 

150 

0 

0 

Meteorology and Subterranean 
Temperature 89 

5 

0 

Vitrification Exp rlmcnts 

150 

0 

0 

Heart Cxperin e ti 

8 

4 

0 

Barometric Observations 

30 

0 

0 

Barometers 

H 

18 

6 


£918 

14“ 

0 

1836 

Tide DIicumIoi a 

29 

0 

0 

Britlib Foiill Fiahea 

100 

0 

0 


Metcoiology »nd Subterraucftti 
Temperature 

Vitrification bxperiincntf 
Cat! Iron Taperiiuenti 
Railway Conatai U 
Lind and Sea Level 
Steam vessels Fnginet 
btari In HUtoire Celeste 


X « d 


Meteorological Observations and 

Anemon eter (construct! n) 100 0 

Cast Iron (Strength of) 60 0 

Animal and Vegetable Substances 

(Preservation of) 19 I 10 

Railway Constants 41 13 10 

Bristol Tides AO 0 

Growth of Plants 75 0 

Mud In Rivers 3 6 

Education Committee 60 0 

Heart Fxpenments 6 3 

Land and Sea Level S67 6 

Subterranean Ten perature 8 fi 

Steam vessels 100 0 

Meteorological Coniu ittee 31 0 

Thermometers 16 i 

“^56 79 “ 


UdP 


31 U 
9 4 
100 0 
38 7 
374 1 

100 0 
331 18 


PomU Ichthyology 110 0 

M^ttorplogical Observations at 
Plymouth $S 10 0 

Maebaolam of Waves 144 I 0 

Bristol Tides .. U U S 


Siars in Lacaille 

n 0 0 

Stars in R A S Catalogue 

0 16 « 

Animal Secretions « 

10 10 0 

Steam engines in Cornwall 

60 0 0 

Atmospheric Air 

16 1 0 

Cast ai d Wrought Iron 

40 0 0 

Heat on Organic Bodies 

3 0 0 

Gases on Solar Spectrum 

S3 0 0 

Hourly Meteorolog cal Obierva* 

tions Inverness and Kinguuis 

49 7 8 

Fossil Rept Us 

118 3 9 

Min g Statist cs 

50 0 0 

£150$ II 0 

1840 

Br stol Tides 

too 0 0 

Subterranean Temperature 

13 13 6 

Heart Fxper nieuts 

18 19 0 

1 unga Expenmeuts 

8 13 0 

Tide Discussions 

50 0 0 

Land and Sea Level 

6 n 1 

Start (HUtoire Celeste) 

343 10 0 

Stars {Laca lie) 

4 16 0 

Stars (Catalogue) 

364 0 D 

Atmosphenc Air 

16 16 0 

Water on Iron 

i<r 0 0 

Heat on Organic Bodies 

7 0 0 

Meteorological Observations 

53 17 6 

Foreign Scitnlific Mcmoiri 

113 1 6 

Working Population • 

100 0 0 

School Staustics 

60 0 0 

Forms of Vessels 

184 7 0 

Chemical and Electrical 1 beiM- 

mana 

40 0 0 

Meteorological Observations M 

* 

Plymouth 

00 0 0 

Magneileal Observitloni 

105 10 0 

£1646 16 4 

1841 

Observalioi i on Waves 

30 0 0 

Meteorology and Subterranean 

Temperature 

8 6 0 

Actinotneters 

10 6 6 

Eartfagueke Shocks 

17 7 0 

Ac^ PolioM 

6 0 R 

end Abeorbenle 

3 0 0 

Mud In Rivers » 

3 6 0 


Marine Zoology 
tkeletoa Maps 
Mountain Bamietan 
•taia (HUtoire Cdleeu) 


16 11 
to 9 
« ts 
U6 0 



KB PORT— 1876, 


iK 



£ 

e 

d 


JB 



Start rf acaille) 

79 

5 

0 

Meteorological ObservatlonSf Oi 




Start (Nomencl itur« oQ 

17 

10 

6 

ler 1 Anemometer at Plymouth 

30 

0 

0 

Sturt (Catalogue of) 

40 

0 

0 

Rediiclion of Meteorohgical Ub 




Water oh Iron 

30 

0 

0 

Servations 

30 

0 

0 

Meteorological Obiorvationt at 



Meteorolog cal Instrument* and 




Inverneu 

20 

0 

0 

Gratuit es 

39 

0 

0 

Meteorological Observat ont (re 




Construction of Anemometer at 




ductiun oO 

25 

0 

0 

Inverness 

50 

12 

3 

Potiil [lepdlet 

50 

0 

0 

Magi ttic Cooperation 

10 

8 

10 

Fjrelgn Mcinoira 

02 

0 

0 

Meie rol glcdl Recorder for Kew 




Railway Sections 

38 

1 

6 

Obseivatory v- 

50 

0 

0 

Formt oT VeMelt 

193 

12 

0 

Action of Gases on L ght 

18 

10 

I 

Meteorolog cal Observations at 



Establislii ent it Kew Olscivi 




Plymo th 

55 

0 

0 

tory Wages Repairs Furni 




Magnetical Observations 

01 

18 

8 

turt an 1 Sui dues 

133 

4 

7 

Fiahei of the Old Red Sandstone 

100 

0 

0 

rxperiments by Captive Balloons 

81 

8 

0 

Tidal at Leith 

0 

0 

0 

Ox dation of the Ha Is of Ruit vnyt 

20 

0 

0 

Arieniunneter at Kd nburgh 

GO 

1 

10 

Publ cut on of Report on Fos il 




Tabulating Obscrv itions 

0 

6 

3 

RepuUa 

40 

0 

0 

Rares of Men 

5 

0 

0 

Coloured Dn vings of R Iway 




Radiate Anivnalt 

2 

0 

0 

Sections 

147 

18 

8 


lO" 

11 

Registration of Lirthquake 






.Ml 


Shocks 

30 

0 

0 

1842 




Report on Zoological No nencia 




Dynamometric InatrumentR 

113 

11 

2 

ture 

10 

0 

0 

Anoplura Britanniee 

52 

12 

0 

Uncovering Lo ver Red Sand* 




Tldct ttt Brlttol 

59 

8 

0 

stone near Manchester 

4 

4 

6 

Gates on Light 

30 

14 

7 

Vegetative Power of Seeds 

5 

3 

8 

Chronometort 

26 

17 

6 

Marine Teetacea (Habits of) 

10 

0 

0 

Marine Zoology 

1 

5 

0 

Marine Zoology 

10 

0 

0 

British Fossil Maninalia 

100 

0 

0 

Marine Zoology 

2 

14 

11 

Statistics of Education 

20 

0 

0 

Preparation ot Report on British 




Marine Steam vessels Ei^inct 

28 

0 

0 

1 ossil Mammalii 

100 

0 

0 

Star* fHistoire C6Ieste) 

59 

0 

0 

Phitlological Operatioiii of Me¬ 




Start (Bur Asaoc Cat of) 

no 

0 

0 

dicinal Agents 

20 

0 

0 

Railway Sections 

161 

10 

0 

Vital Statistics 

30 

5 

8 

British Belemnitea 

50 

0 

0 

Additional Experiments on the 




Fossil Reptiles (publication of 




Forms of Vessels 

70 

0 

0 

Report) 

210 

0 

0 

Additional Experiments on the 




Pormi of Vessels 

180 

0 

0 

Forms of Vessels 

too 

0 

0 

Galvanic Experiments on Rocks 

5 

8 

6 

Reduction of Experiments on the 




Meteorological Experiments at 




Forms of VcistU 

100 

0 

0 

Plymouth 

68 

0 

0 

Morin 8 Instrument and Constant 




Constant Indicator and Dynamo 




Indicator 

C9 : 

14 

10 

metric Instruments 

90 

0 

0 

Experiments on the Strength of 




Force of Wind 

10 

0 

0 

Materials 

00 

0 

0 

Light on Growth of Seeds 

8 

0 

0 

^61505 

10 

2 

Vital Statistics 

50 

0 

0 

an 


sn 

m 

Vegetative Power of Seeds 

8 

111 

1844 




QuMtioni on Human Race 

7 

0 

0 

Meteorological Observations at 




i5l44» 17 

8 

Kingussie and Inverness 

12 

0 

0 

sssaM 

matam 


* 

Completing Observations at Ply- 




1843 




mouth 

35 

0 

0 

Revision of the Nomenclature of 




Magnetic and Meteorological Co- 




Surs 

3 

0 

0 

operation 

35 

8 

4 

Reduction of Stars British Asoo 




Publication of the British Asio- 




clauon Caulogue 

35 

0 

0 

ciation Catalogue of Stars 

35 

0 

0 

Anomalous TideSf Frith of Forth 

ISO 

0 

0 

Observations on Tides on the 




Hourly Meteorological Obaerva- 




East coast of Scotland 100 

0 

0 

tlona at Kingussie and Inverness 

77 19 

8 

Revfsloo of tha Nomenclature of 




Metteroloftcal Observations at 




Stan 1849 

3 

9 

A 

Plymouth •• m* • 

5t^ 

0 

0 

Maintaining thoEstabiisbrnentln 




WbewtH’s Meteorological Auo* 




Kew Observatory.. , . 117 17 

8 

ttomtlir at Plyrooiiih . . 

10 

0 

0 

InetnimcnU for KawObwrvatory 

»0 

r 

a 




OIKEEAL SMBltSNT. 


Influence of Ltglit on Plahu. 10 

Subterraneons Temperature la 

Ireland . 6 

Coloured Drawing* of Railway 

Sections.,. 15 

Investigntlon of To«»il Fuhe* of 
the Lower Tertiary Strata ... 100 
Registering the Shocks of Carth* 

quakes .1842 23 

Structure of Fossil Shell* . . 20 

Radlata and K^olliisca of the 
iEgean and Red Seas . .1842 100 
Geographical DUtributfon^ of 

Marine Zoology . .1842 10 

Marino Zoology of Devon and 

Cornwall .. . . . 10 

Marine Zoology of Corfu . 10 

Experiments on the Vitality of 

Seeds . 9 

KxpenmenU on the Vitality of 

Seeds.... 1842 8 

Exotic Anoplura. 15 

Strength of Materials . 100 

Completing Experiments on tiic 

Forms of Ships. 100 

Inquiries into Asphyxia . 10 

Investigations on the Internal 
Constitution of Metals . ... £0 

Couitant Indicator and Morin*s 
Instrument . ...1842 10 


1845. 

Publlcullor. of the British Associa* 

tlon Catalogue of Stars. 351 

Meteorological Observation* at 

Inverncw . 30 

Magnetic and Meteorological Co¬ 
operation . 16 

Meteorological Instrumeiiti at 

Edinburgh. 18 

Reduction of Anemomctrlcal Ob- 
•ervation* at Plymouth ... 25 
Electrical Experiments at Kew 

Observatory .. 43 

Maintaining the Establishment in 

Kew Obaervotory . 149 

For Krell’i Baromelrograph. 25 

Oases from Iron Furnaces 50 

The Actlnograph .. 13 

Microscopic Structure of Sliell* 20 

Exotic Anoplura .1843 10 

Vitality of Seed* .1843 2 

Vitality of Seeds .1844 7 

IIMlno Zoology of Cornwall 10 

Physiological Action of Medicines 20 
Sti^tlca of Slckneu and Mor- 

tMIty In York .. 20 

Earthquake Sbocka .1843 13 


Britlah AatocUiloii Catalogue of 

.. »lt 

FottU Kshet ef tho London Clay lOO 


Computation of the Gaussian 

Constanta for 1839 . 60 

Maintaining the Establishment at 

Kew Observatory .. . 146 

Strength of Materials . 60 

Researches in Asphyxia . 0 

Examination of Fossil Sheila. 10 

Vitality of Seeds .1844 2 

Vitality of Seeds ..1843 7 

Murine Znolngy of Cornwall . ... 10 

MdHne Zoology of QrUuin ... 10 

Exotic Anoplura .. . 1844 25 

Expenses attending Anemometer* 11 
Anemometeri* Repairs .. ... 2 

Atmoi^pheiic Waves. 3 

Captive Balloons . 1844 S 

Varieties of the Human Race 

1814 7 

Statistics of Sickness and Mor¬ 
tality m York . 12 


1817. 

Compututiun of the Gaussian 

I Const.int* for 1829. 50 

I HabiU of Mai me Animals 10 

1 Physiological Action of Medkmea 20 

I Marine Zoology of Corn wall 10 

Atmospheric Wave*. 6 

' Vitality of Seed* .. , 4 

Maintaining the Establishment at 

Kew Observatory. 107 

1^208 


14 0 i 1848. 

Maintaining the Establishment at 

18 11 Kew Ohxervalory ... . 171 

Atmospheric Waves , . .. 3 

16 8 Vitality of Seeds . . . 0 

Completion of Catalogues of Star* 70 

I i 9 On Colouring Matters . 5 

Oil Growth of Plant* .. 15 

® ® ^7T 

17 8 1849. 

Electiical Ob*crvatlon* at Kew 

15 0 Obaervotory .. 50 

® ® Maintaining Ettabllshment at 

® ® ditto . . .. .. 76 

0 0 Vitality of Seed* . 3 

0 0 On Growth of Plant*. 5 

0 0 Registration of Periodical Phe- 

0 7 noment . 10 

0 0 Bill OQ account of Anemometrical 

0 V Obiervattona. 13 

** ** 

1? 2 1**0' "" 

Maintaining the EstablUhmentat 
9 0 Kew Ob«cnratary ... 

Transit of &arthq\tak« Waves ... 60 

Parlodkat Pbrnomcna ... 15 

Meteorological Inttrumems, 

0 Atoiqs .... 99 

® ® i «»4F 






































ftjiFoA9-^1676 


£ 0 d 

18A1 

M*(tiUlnlng tl e EiUl»U»hin*nt %t 
K«wOb««rv«tory (Includes pert 
of graot In 1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animals 
and Plants ft 0 0 

Vitality of Seeds ft 6 4 

Influence of Solar Rad at on 30 0 0 

Ethnological Inquiries 12 0 0 

Reaaarebcs on Annelida 10 0 0 

iCSOl 9 7 


Strickland s Ornithological Syno¬ 
nyms 

Dredg g and Dred^ng Forms 
Chen i al Act on of LIgl t 
Strength of Iron Plates 
Registration of Period cal Plveno 

me a 

Propagat o of Sal non 


£734 13 


1852 

Malnt^ti ng the Establ shment at 
Kew Obserratory (Including 
balance of grant for ISftO) 233 17 8 

Ezper menta on the Conduction 
of Heat 5 2 9 

Inflnence of Solar Rad atfons SO 0 0 

(leotogtcal Map of Ireland 1ft 0 0 

Researches on ll e Br Ush A ne 

llda 10 0 0: 

Vital ty of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 

^104 7 


1857 

Ma ntain g tl e Establishment at 
Kew Observatory 


350 0 0 


Earti q ako Wave Exper ments 40 0 0 

Dredg ng near Belfast 10 U 0 

Dredg ng on the West Coast of 

Sco Und 10 0 0 


1853 

Maintaining the EstabI shment at 

Kew Observatory ]6ft 0 0 

Experiments on tne Infl cnee of 

Solar Rad ation 15 0 0 

Researches on the British Anne 
llda 10 0 0 

Dredg ng on the Last Coast of 

Scotland 10 0 0 

Lthnological Uuer cs ft 0 0 

£^2Uft 0 0 

1854 "" 

Mainiml mg the Fsfabllsl ment at 
Kew Observatory (Including 
balance of fbrmer gram) 330 Ift 4 

tnveatigat ons rm Flax II 0 0 

Efl^s of Temperature on 
Wrought Iro 10 0 0 

Registration of Periodical Phe 

noniena 10 0 0 | 

British Annelida 10 0 0 I 

Vitality of Seeds ft f S I 

Cooduction of Heat 4 3 0 

£78^19 7 


1850 ! 

Maintaining the Establish nent at 

Kew Observatory 49ft 0 0 

Earthquake Movements 10 0 0 

PWyekat Aweet of the Moon 11 8ft 

ViuUty of Seeds JO 7 11 

Map w the World Ifl 0 0 

Ethnological Queries ft 0 0 

DaprAflnf near Belfait 4 0 0 

it!4lie IB 4 

im *. 

MaSntilllBt Sm EttebttAnMnt it 

i « 0 01 . . 

m) SMO 0 0/ ® ® I 


inves gat 0 s Into the Mollusca 




of C ai fornia 

10 

0 

0 

Fxper ments on Max 

5 

0 

0 

Natural H story of Madagascar 

20 

0 

0 

Resea ches on Bn ish AnncI da 
Report on Natural Prod cts Im 

3ft 

0 

0 

ported into Liverpool 

10 

0 

0 

Art fic al Propnga ion of Sol non 

10 

0 

0 

Ten perature of Mines 

Tl ermometrrs lor Sul terranean 

7 

8 

0 

Obse vat ons 

ft 

7 

4 

L fe Boats 

ft 

0 

0 

£507 

15 

4 

1858 




Ms nta n ng (he Es al 1 si me t at 




Kew Oi sorva ory 

ftOO 

0 

0 

Ear hquake Wave Cxpcr me s 
Drcdgi g on the W e»t Coast of 

2ft 

0 

0 

S o Und 

10 

0 

0 

Dredgi g near Dubl 

5 

0 

0 

V tal ty of Seeds 

6 

ft 

0 

Dredg ng near Belfast 

J8 

Id 

s 

Report on the Br ish Annelida 
Experiments on the product o \ 

3ft 

0 

0 

of Heat by Alot on Fluid* 
Report on the Natural Products 

20 

0 

0 

a po ted nto Scotland 

10 

0 

0 

£618 

jS 

2 

ass 

1859 




Mninta Ing ll e Establishment at 




Kew Observatory 

500 

0 

0 

Dredg ng near Dublin 

1ft 

0 

0 

Os emof y of Birds 

50 

0 

0 

Irl b Tunlcata 

ft 

0 

0 

Manure Experlroei ts 

20 

0 

0 

British Med isidn 

5 

0 

0 

Dredg ng Committee 

9 

0 

9 

Steam vessels Performance 
Marine Fauna of South and West 

ft 

0 

6 

of Irolond 

10 

0 

9 

Photographic Chemistry 
Lanatkihlre Fossils 

10 

30 

6 

0 

0 

t 

Balloon AsothU 

30 

n 

0 

£684 

11 

i 

JBOP 




MalnUhAng the EstabRshuient 




of Kew Obaemtory 

m 

B 

• 

Dredg ng near Retihst 

16 

6 

0 

Dredging In Dublin Ray 

1ft 

0 

0 



OlKlMUt STAniUNT* 


Ixiii 


X #. d, 

tnuntr; Into tho PerfomaniSo* of 

Stfam-ve«selt .. 134 0 0 

Explorations in the Yellow Sand¬ 
stone of Dura Deu*>*4**.«. 20 0 0 

Cliemlco-roechanical Analjrale of 

Hockiand Mlnerali..^. 95 0 0 

ReaearchM pn the Growth of 

Plants. to 0 0 

Reiaarchcs on the Solubility of 

Salta. 30 0 0 

Researches on the Constituents 

of Manures. 25 0 0 

Balance of Captlra Balloon Ac¬ 
counts. 1 13 6 

X1241 7 0 

1861 ~ ' 
MttjuUiniiig the Establishment 

of Eew Obiervstory. 500 0 0 

Earthquake Experiments. 25 0 0 


Dredglnf North and East Coasts 

of Scotland... 23 0 0 

Dredging Committee *— 

1800. Z£50 0 01 yo 0 ft 

1861 . £22 0 0 J ® ® 

Excavations it Dura Den 20 0 0 

Solubility of Salts. 20 0 0 

Stram-vessei Performance .150 0 0 


Fossils of Lesmahago ... 15 0 0 

Explorations at Crlconlum . 20 0 0 

Chemical Alloys . 20 0 0 

Classified Index to the Transac¬ 


tions ... .. ICO 0 0 

Dredging In the Mersey and Dee 5 0 0 

Dip Circle. SO 0 0 

Photoheliogfaphlc Observations 50 0 0 

Prison Diet . 20 0 0 

Gauging of Water. 10 0 0 

Alpine Ascents. 0 5 1 

Constituents of Manures .. 25 0 0 

• £ 1111 5 10 

1862. ' ^ ' ■ 
Maintaining tha Esubllshmtnt 

of Kew Observatory .. $00 0 0 

Patent Laws. 21 0 0 

Moltusea of N.-W. America. 10 0 0 

Natural History*by MemntUe 

Marine . 5 0 0 

Tidal Observations . 25 0 0 

Pbotoheilometer at Kew . 40 0 0 

Pbolograpbto Pictures of the Sun 150 0 0 

Nocks of Donegal. 35 0 0 

Dredging Durham and North¬ 
umberland... 95 0 0 

CoaneMofi of Storms... 20 0 0 

Dredging North-east Coast of 

SeoUand... 5 0 0 

Ravages of Teredo . S 11 0 

Standards of EteetHcolReflstanoe 50 0 0 

RoUvray AcoU|taU . 10 0 0 

RoBOottComtAtue .. ... 100 0 5 

Drtdgft^ Dublin Bay . 10 0 0 

Dredglnl ike Mersey . 5 0 0 

Prison^ .. 00 S t 

•wVn(»rVM«r„.»,........w. IS t« « 


Steamships' Perfuriuance 
Thermo-Electric Currents 


£ $ d 
.. 150 0 0 

.. 5 0 0 

£rs»> 10 6 


1855. 

Mointaialng the BiUbUshment 
of Kew Observatory . . GOO 
Balloon Committee deficiency,.. 70 
Balloon Ascents (other expenses) 25 

Bntotoa...... ... . 25 

Coal Fossils . 20 

Herrinp . . ... 20 

Gromtes of Donegal . 5 

Prison Diet. 20 

Vertical Atmospheric Movements 13 
Dredi{;ing Shetland &0 

Dredging North-easi coast of 

Scotland . 25 

Dredging Northumberland and 
Ourhsm . ..... 17 

Dredging Committee superin¬ 
tendence .... 10 

Steamship Performance .. . 100 

Balloon Committee . 200 

Carbon under pressure 10 

Volcanic Temperatore . . 100 

Bromide of Aramoninm ... 8 

Electrical Standards .. lOO 

—— Construction and distribu¬ 


tion . . 40 0 0 

Luminous Meteors .17 0 0 

Kew Additional Buddings for 
Photuhellograph .... lOO 0 0 
Thermo-Electricity 15 0 0 

Analysis of Rocks . 8 0 0 

Hydrouia .. ... 10 0 0 


1864. ^ 

Maintaining the EitabUshment 

of Kew Observaiory. 600 0 0 

Coal Fossils . 20 0 0 

Verucol Atmospheric Move* 

menu 20 0 0 

Dredging Shetland . ... 75 0 0 

Dred^ng Northumberland , . 25 0 0 

Balloon Committee... 900 0 0 

Carbon under pressure. 10 0^0 

Standards of Electric Reststance 100 0 0 

Analysis of Rocks. 10 0 Q 

Uydroida 10 0 0 

Askham*s Gift . 50 0 0 

Nitrite of Amyle. 10 0 0 

Nomenclature Committee . 5 0 0 

2Ula-Oaug«i. 19 25 $ 

Cast-Iron Investlgatbm 20 0 0 

TUUlObsenatioBsBitheHtimbdr 50 0 0 

SpectfilRoya. 45 0 0 

LntiittotM Meteors . 20 0 0 

£ 1289 15"^a 
1855. “ 

hiaJbiaMhI the Esuidiahvani 

. ofEewubMrvM«ry«. 550 0 0 

BoUkm CoBuaUtM • l50 0 0 

. u • S 





















































BEK>BT— 1876 


£ 

TUin-Gauges 30 

Tidal Obaervatiuns in the llurabcr G 
Hexylie Compounds 20 

Atujrl Compounds 20 

Iruh Flora 25 

American MoUusca 3 

Organic Acids 20 

Ling;nU Flags Excavation 10 

Eurypterus 50 

Electrical Stan lards 100 

Malta Caves Researches 30 

Oyster Breeding 2a 

Gibraltar Caves Researches 150 

Kent s Hole J xcavations 100 

Moon s Surface Observations 3a 
Marine Fauna 2a 

Dredging Aberdeenshire 25 

Dredgi ig Channel Islands 50 

Zoological Nomenclature 5 

HesisUnce of floating Bodies in 
Water 100 

Hath Waters Analys s 8 

I ummous Meteors 40 


XlaOl 7 10 


1860 

Mainla ning the Establishment 
of Kew Observatory COO 

J unar Committee 64 

Balloon Committee 50 

Metrical Committee 50 

British Rainfall >0 

Kilkenny Coal Fields 16 

Alum Bay Fossil Leaf Bed la 

J ummous Meteors 50 

Lingula Hags Excavation 20 

Chemical Constitution of Cast 
Iron 50 

Amyl Compounds 25 

Electrical Standards 100 

Malta Caves Lxploration 30 

Kent s Hole Exploration 200 

Marine Fauna Ac, Devon and 
Cornwall 25 

Dredging Aberdeenshire Coast 25 
Dredging Hebrides Coast 50 

Dredging the Mersey o 

Resisunce of Floating Bodies in 
Water 50 

Tolycyanides of Organic Radi 

M 20 

Rigor Mortis 10 

IrisK Annelida 15 

Catalogue of Crania 50 

DuRne Birds of Mascarene Islands 50 
Tynteal Crania Researches 30 

Pafeatlne Exploration Fund 100 

£1750 

i. i 1867 

MibtiBiibig the Estabbshment 
of Kew Observatory 600 

Meteorotogioal Instminenti, Fa* 
levtm* .« •• 50 

{iunar Committae ISO 


Metrical Committee 30 

Kent 8 Hole Explorations 100 

Palestine Explorations • 50 

Insect Putina Palestine 30 

Gntish Rainfall 50 

Kilkenny Coal Fields 
A1 im Bay Fossd Leaf Bed 25 

Luminous Meteors 50 

Boumemoutb Ac I eaf Beds 30 

Drc IqI ig Shetland 75 

Steamship Reports Condensation 100 
Electi cal Siati lar Is 100 

I thyJe an 1 \lethylt senes 25 

lossil Ciustacca 25 

So 1 1 under M ater 24 

North ( iccnlan I Fauna 75 

Do 1 iant Beds 100 

Iron an 1 Steel Manufacturo 25 

Ialentlav\s 30 


18C8 

Ma ntui ling iVe 1 !>tabliMiment 
K f Kew Observatory 
I unar CommutLe 
Mctr cal Committee 
Zoological Record 
Kent 8 Hole Lv[lortliona 
Sfoarasliip Performances 
Br t sh Rainfall 
Luminous Meteors 
Organic Acids 
Pobbil Crustorca 
Mctl >l scries 
Mercury an 1 Bile 
Organ c remains 11 Limestone 
Rocks 

Scottish J arthquakcf 
1 auna Devon and Cornwall 
Bnt *h Fossil Corah 
Bagshot 1 eaf beds 
Greenland Explorations 
Fossil F lora 
Tidal Observations 
Underground Temperature 
Spectroscopic investigationi of 
Animal Substances ^ 
Secondary Reptiles Ac 
British Marine Invertebrate 
Fauna 


1869 

Maintaming the Kstabluhment 
of Kew Observatory 
I unar Committee 
Metncol Committee 
Zoological Record 
Committee on Cues in Deep- 
well Water 
British Rainfall 

Thermid Conducti\ity of Iron, 
Ac 

Kent a Hole Explorations 

SteattibJp Perrormances 
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Chcmtcfil Constitution of CMt 

t 

f 

d 

Iron 

80 

0 

0 

Iron and Stcrl Manufacture 

100 

0 

0 

Methyl Senei 

Ornmc remains in Limestone 
Rocks 

30 

0 

0 

10 

0 

0 

Earthquakes m Scotland 

10 

0 

0 

Diiiish Fossil Corals 

30 

0 

0 

Ragshot Leaf Beds 

30 

0 

0 

Fossil Flora 

25 

0 

0 

Tidal Observations 

100 

0 

0 

Undergiound Icmpcratiire 
Spectroscopic Investigatious of 

30 

0 

0 

Animal Substances 

5 

0 

0 

Organic Acids 

12 

0 

0 

Kiltorcan hus Is 

Chemical Constitution and Ph> 

20 

0 

0 

Biological \ctiun Relations 

15 

0 

0 

Mountain I imestnueFottsils 

25 

0 

0 

Utilization of Sewage 

10 

0 

0 

Products of D g blion 

10 

0 

0 

;tl622 

1870 

Maiiitainiug the Eel abbsbment of 

0 

0 

Kew Observaton 

COO 

0 

0 

Metrical Committee 

2a 

0 

0 

iSoological Record 

100 

0 

0 

Committee on Marine tnum 

20 

0 

0 

1 ara in Fiabcs 

10 

0 

u 

Clicmical nature of Cast Iron 

80 

0 

0 

I uminous Meteors 

30 

0 

0 

Heat in the Blood 

15 

0 

0 

British Rainfall 

100 

0 

0 

ThertiialConductivity of Iron At 

20 

0 

0 

British tossd Coials 

50 

0 

0 

Kent a Hole £xf lorations 

150 

0 

0 

Scottish Earthquakes 

4 

0 

0 

Bagshot I eaf Buis 

15 

0 

0 

Fossil 1 iura 

25 

0 

0 

Tidal Observations 

100 

0 

0 

Underground Temptratnre 

50 

0 

0 

KUtorcan Qiiarnea Fossils 

20 

0 

0 

Mountain Limestone losuls 

2a 

0 

0 

Ulilnatioii of bewagr 

50 

0 

0 

Organic Chemical Compoim Is 

30 

0 

0 

Onnv Uixtr buhment 

3 

0 

0 

Mechanical Lquivalcnt of Heat 

50 

0 

0 

Ari72 

o” 
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Maintainingthe L&falili^hintnt of 
Kcw ObicnntoiN COO 0 0 

Montlilv Beporiti of PiogniiS m 


Chemistry 

100 

0 

0 

Metrical Committee 

25 

0 

b 

Zoological Record 

fhernial Eimivalciiti of the 

100 

0 

0 

Oxides of Chlorine 

10 

0 

0 

Tidal Ohtcivattons 

100 

0 

0 

1 ussil Dora 

2j 

0 

0 
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r uminous Meteors 

30 

0 

0 

British tusail Corals 

2 j 

0 

0 

Heat in the UK oil 

7 

2 

0 

British Rainfall 

50 

0 

0 

Krnc 8 Hole C\ploratioiis 

laO 

0 

0 

Fossil Crustacea 

2] 

0 

0 

Methyl Compounds 

2a 

0 

0 

Lunar Objects 

20 

0 

0 

Fossil Corals Sections for 1 ho 
iographmg 

wO 

0 

n 

Begshot Le^ Beds 

2U 

u 

0 

Moah 1 xplorations 

lUO 

0 

tl 

Gaussian Constants 

10 

0 

0 

Jbl472 

2 

0 

1H72 

Maintaining the Lstahlishincnl of 
Kew Obsei vafojy 

300 

0 

0 

Metrical Comm Ittc 

7 ) 

0 

0 

Zoologu al Uecuid 

100 

0 

0 

Tidal Committee 

2U0 

0 

0 

Curhoniferous f orals 

2j 

0 

0 

Organic Chtnncil Ci np ui ds 

25 

u 

0 

Exploration of Moah 

100 

0 

0 

icrato rmhiyological li | iiies 

10 

0 

0 

Kents Cavern Fxplorai in 

100 

0 

it 

Luminous Mctcots 

.0 

0 

0 

Heat in the Blood 

1) 

0 

0 

boBsil Crustacea 

2j 

0 

0 

Foss 1 Elephants of Malta 

2) 

0 

0 

Lunar Objects 

20 

0 

0 

IiULiBC Mavc T engths 

20 

0 

0 

British Rainfall 

lot) 

0 

0 

1 oisonous buhslancrs Antago 

lllbUI 

10 

0 

0 

Tssent al Oils, Chemu al Consti 
tution, Ac 

40 

u 

0 

Mathematical Txl les 

oO 

0 

u 

Thermal ConductiMty of Metals 

..a 

0 

0 

1128^ 

0 

0 

1873 

Zoological Rccoid 

100 

0 

0 

C liennstrv llcroid 

200 

0 

0 

Tidal Committee 

too 

0 

0 

Sewage Committee 

100 

0 

0 

Knit 8 Cavern Exploiali n 

15J 

0 

0 

( urhoniferous Ci lals 

2) 

0 

0 

tossil Elephants 


0 

0 

M avc-I engths 

150 

0 

0 

British Rainfall 

100 

0 

0 

Lsiential Oils 

30 

0 

0 

Mathematical Tihlts 

100 

0 

0 

Gaussian Constants 

10 

0 

0 

Sub Wcaldcn Explorations 

25 

0 

0 

Underground Temperature 

150 

0 

0 

Settle Caie Exploration 

50 

0 

0 

Fossil Flora, Ireland 

20 

0 

0 

Timber Donndati n and Rainfall 

20 

0 

0 

Luminous Meteors ^ 30 

u 

0 

£\bHj 

0 

(1 
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X fi. 

1874 


Zoolo^u-dl llecunl 

KX) 

0 

0 

Chemistry Kecortl 

1(K) 

0 

0 

Mathematical Tablea 

ItKI 

0 

0 

Klliplic Fiuictions 

lot) 

0 

0 

lightning Conducturs 

10 

0 

0 

Thermal Conductivity of Rocks 
Anthropological Instructjoiifl 

10 

0 

0 

Ac 

^»0 

0 

0 

(Cent B Cavern Exploration 

1)0 

0 

0 

1 iimmouB Meteors 

JO 

0 

0 

Intestinal Secretions 

15 

0 

0 

British Kainhdl 

100 

0 

0 

JCsseutial Oib 

10 

0 

0 

Sub Weolden Fiplorations 

2) 

0 

0 

'bottle Cave Eiploratioti 
MaiiritiiiH MoU.oroIogjc'al Re 

>0 

0 

0 

search 

100 

0 

0 

Mugnotiziitic n of Iron 


0 

0 

Marme OrganiBnis 

^0 

0 

0 

F>fl8dH ^orth west jf S( jtlnnd 

2 

10 

0 

Pbysiolopcal Action of Light 
Tradea UnionB 

20 

2> 

0 

0 

0 

0 

Mountain I imcstono Corals 

2> 

0 

0 

Erratic Blocks 

Dredging Duiham and York 

10 

<l 

0 

shire Coastfl 

28 

5 

0 

High teinpomturo of Bodies 

10 

0 

0 

^ ernetiH s lyromctcr 

I ahyr ntho fonts of C ml Mea 

1 

(» 

0 

sures 

7 

r» 

0 

ill61 


~0 

1875 




Elliptic Punetioni 

ion 

0 

0 

Magnetiration of Iron 

20 

0 

0 

Bntish Raintall 

120 

0 

0 

T uminous Meteors 

10 

0 

0 

Chemist^ Record 
^ecifio Volume of Liquids 
rstimation of Potash and Phoa 

100 

0 

0 

2^> 

0 

0 

phone Acid 

10 

0 

0 

Isomeino Oresols 

20 

0 

0 
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Sub-Wealdon Explorations 

100 

0 

0 

Kents Cavern Exploration 

100 

0 

0 

Settle Cave Exploration 

50 

0 

0 

Earthquakes iii S(otland 

1^) 

0 

0 

Underground Waters 
Dovelopiocnt of Myxiiioid 

10 

0 

0 

IiBhca 

20 

0 

0 

Zoological Rccoi d 

loo 

0 

0 

lubtrudioiiB for Travellers 

20 

0 

0 

Tr ti atm d Setrcti >n 

20 

0 

0 

Palestine Lxpl notion . 

100 

0 

0 

iOttO 

0 

0 

1870 




Pi int mg Mot In mo! u al T ibles 
British E4Vinial1 

ro 

4 

2 

BK) 

0 

0 

Clhm B Law 

0 ]5 

0 

Tide Calculating Maclnne 

2(M) 

0 

0 

Specific Volume f I iquids 

25 

0 

0 

Tb( meric Cresols 

Action of Lthj 1 111 nnobutyr ito 

10 

0 

0 

on Ethyl Srslnctlo acetate 

1 etimation of Potnah and Pin s 

5 

0 

0 

ph )nc Acid 

1 xplorntion of Victoria Cave 
nellle 

13 

0 

0 

100 

0 

0 

(Geological Record 

100 

0 

0 

Kent s Cavirn Fxpl ration 

too 

0 

0 

11 rnalC nd ctivitiPhol Rr eks 

10 

0 

0 

Ihderground Waters 

10 

0 

0 

I nrthquakes in Seuthnd 

1 

10 

0 

Zoological Rocml 

ClouoTime 

100 

0 

0 

5 

0 

0 

Physiological Action ol Sound 

25 

0 

0 

Zjologicul Station 

75 

0 

0 

Intestinal Secretions 

Physical CharatterB of Inlmbi 

15 

0 

0 

tants of UritiBh IhIpb 

13 15 

0 

MeaBunng bpoed of Ships 
Fflect of PropoUer on tummg 

10 

0 

0 

of Steam Vessels 

5 

0 

0 

X1002 

4 

2 
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Gene^'al Meetings. 

On Wednesday, September 0, at 8 r , in the Giirden Palace, Potanic 
(laideiiH, Sir John Hawkaliaw, (’ K., F E.S., F G.S., President, resigned the 
office of President to Professor Thomas Andrews, M D,, LIj 1) , F 11 S , who 
took the Chair, and delivered an Address, for which see page Ixvni 

On Thursday, Hoptember 7, at 8 p m., two Soirws took place, one in the 
Po^al Exchange, the other in the Corporation GaUenoe 

On Friday, Beptember 8, nt 8 80 pm, in the Garden P.ilace, Potanic 
Gardens, Professor Tait, F H 8 E , delivered a DiRconrse on “ Force.” 

On Saturday, September 0, at 0 pm, tn the Chty ITall, Commander 
Cameron, P N , C B , delivered a lecture, on “A Jouincy through Africa,” 
to the Working Classes of Glasgow. 

On Monday, September 11, at 8 80 p M , m the (Jarden Palace, Botanic 
Gardens, I'rotessor Wyville Thomson, U..1) , KBS, delivered a Discourse 
on “ Tlio ‘ Challenger’ Expedition/’ 

On Tuesday, September 12, at 8 p m , a Soii/e took place m the (Jarden 
Palace, Botanic Gardens 

On W'cdncsday, September 18, at 2 80 p.m , tlie coiulutling G( lurul Jfeeliiig 
took place, when the Proceedings of the General Committee, and the Grunts 
of Money for Scientific purposes, wore explained to the Membeis 

The Meeting was then adjourned to ]*l}mouth*. 


* The Meeting Is appointed to take place on Wrdnoeday, Airgnst lo, 1877, 



ADDEESS 


OF 


THOMAS ANDREWS, M.D., LL.D., 

F R.S., Hov F.R S.E., Etc. 

PRESIDENT 


Sr^ and thirty )ear^ have pa-i'joJ ovor «nioo the British Association for the 
Advancement of Hcienco held its tenth meeting m this ancient city, and 
twenty-ono yeais have elapsed since it last assembled hero. The roprosenta- 
tivea of two great Scottish familica presided on these occasions; and Ihoso who 
had the advantage of hairing the address of the Duke of Argyll m 1855 
will recall the gratification they enjoyed whilo lintomiig to the thoughtful 
Bentiments which leflectod a mind of rare eiiltivatiou and viincd aciiuire- 
nionts. On the prosent occasion I have undertaken, not without anxiety, 
the duty of filling an office at first accepted by one whom Scotland and the 
Association would alike have rejoiced to see in this Chair, not onlj as a 
tribute to his own scieiitifio serMCcs, but also us recognizing in him the 
worthy representative of that long line of able men who hayc upheld the 
preeminent position attained by the Scottibli ecliools of medicine in the middle 
of the Iasi centuiy, wlicu the mantle of Jl^cihaavo fill upon Monro and 
(‘ullcn. 

The task of addressing this Association, ah\a)8 a difficult one, is uot ren¬ 
dered easier when the meeting is held in a place winch picsonts the rare 
combination of being at once an ancient seat of learning and a great centre 
of modem mduntr} Time will not permit mo to refer to the distinguiahod 
men who in earl} days lva\c left hero thoir mark behind them; and I regret 
It the more, as there is a growing tendcnc} to exnggcrato the value of later 
discoveries*, and to underrate the achiovomouts of those who have lived before 
ua* Confining our attention to a period reaching buck to little more than a 
century, it appears that during that time three new sciences arose, at least 
as far aa any scionoc can be said to have a distinct origin, in this city of 
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(ilusgow—3 xpiiimi-rilitl ClKimbtr^, Politicul 1cojioji>\, iiid !M<.<liinical 
1 njpn^'eniijjr It is now tonccdKl that Black 1 ud the fonndiitn ii of modern 
cliomifitr} imd no one has disputed the dums of \dim ^milh and of 
A\»tt to having nol onl\ founded, but laigd} built up, the two great 1 1 inches 
of knowledge with which then names will alwn)^ be inseparil U conneeted 
It wis here thit I)i Ihomas Jhonison establisin d th( hist s liool of ]*i ictical 
(hennstiy in Orent Ihiliun, and that Sii Hooker giuo to tho chuu of 
Bol my a Vuropean cehhnt) it was hoio that (iraham diseovored tho law 
(f gnsoous diffusion and tin piopirtusof p« Ivbasic mids it was Inn (hut 
'^tenhousi and \udeiBon, Itanknic md T IhomPon mnd< some of tlicii finest 
discoveries and it was hcie th it Sr William ilionihon cniductul Ills 
ph)SKo niilhomatujl nnestigati ns, and unented those ex/piiHito iiidtru- 
m( nts, vnlu die dike fir occ in tslegiaphj and foi stuidifle use, which uie 
among the finest tiophn s 1 1 recent scicnec !Noi must tlic names of 1 cniinnt, 
Afiukintobh, Keilson, Walter (rum Itouiig, and Is i]uei ho omitted, who, 
with man) othcis in tins plate hiso made laigo and \nhiible additions to 
piaeticul Hcioncc 

Jhi safe leturn of the * ChnUongcr alUi an absence ot thue and a half 
jeais, IS a subject of general t< ngiatulation Our knowkdg ot the \aritd 
foims of animal life, and of the lemaint. of animal life, which occur, it is now 
known, over Inign tracts of the l»od of tho occ in is chioffy eknxd from tho 
observations made in the ‘ Chalkngcr * and in the previous deep-sc x c\i)cdi 
tions whicJi were oignni/cd hy ‘Mr \\}V]]le Ihomgon and ])r (orptutei 
Ihe ph 3 Mial ohscivationn, and cspcciall} thise on tlio tenipLialuio of the 
ocean, whuh weu sj sti matieall^ conducted throughout Iho whole vo}Hgo ot 
tho ‘Chulkngcr/ have aheady biipphcd valuabh data for the usolution of 
tho great ijiichtiou of ocean-currents Upon this iiucatioii, winch has been 
discussed witli Kingular iilnJit}, but under different aspects, bj J)r Carpenter 
and Mr (loll I cannot attempt lure to entii, noi wdl I venture tofoicstnll, 
by an> eiude imalysiB of my own, tlio namitivo wlneh bir W Ihomson Iub 
kind!) undeitukcn to give of hia own achicvtmcnt& and of those ot his staff 
duiing then long Hcicntiho crui&c. 

Another expedition, which has more than fulfilled tho expectations of tho 
public, j« 1 lentcnant (nmeron’s nmarkable journey across tho continent of 
Africa It ifl by such enterprises, happilv conconed and abl) executed, that 
we mtt} hope at no distant daj to see the Arab slave-dealer replaced by the 
legitimate trader, and the depressed populations ot Africa gradually brought 
within the pale of emk/ed life 

From the North Polar Expedition no intelligence has been icocived, i oi 
can wo expect for some time to hoar whether it has succeeded m the crown¬ 
ing object of Arctic enterprise In the opinion of many, tho results, sciontifio 
or other, to be gamed by a full surrey of the Arctic regions can never be of 
such value ns to justify the nsk and cost which must be incurred. But it is 
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not: by cold calculations of this kind that groai; discorenei aro made or groat 
enteipnsos achieved. There ib an inward and irxopreswble impulse—in indi¬ 
viduals called a spirit of adventure, in nations a spmt of enterprise—which 
impels mankind forward to explore every part of the world wo inhabit, 
however inhospitable or difficult of access, and if the country'claiming the 
foremost place among mantimo nations shrink from an undcrtakuig beoause 
it 18 perilous, other countries will not bo slow to seize the post of honour. If 
it bo possible tor man to reach tho polos of tho earth, wbotbor north or south, 
the feat must sooner or later be accomplished, and the country of tho success¬ 
ful adventurers \m11 bo thereby raised in the scale of nations, 

Tho passage of Venus ovei tho Bun’s disk is an event which cannot be 
passed over without notice, altliougli many of tho circumstances conuocted 
with it have already becomo histonoal. It wms to observe this rare astro¬ 
nomical phenomenon, on the occasion of its former occurrence in 1769, that 
Captain Cook’s memoiablo voyage to the Pacific was undertaken, in the 
couruo of which ho explored tho coast of Now South Wales, and added tliat 
gieat country to tho possessions of tho British Crown 

As the transit ol Venus gives tho most exact mothod of calculating the 
distance of the earth from the sun, extensive pieporatiops w^cro mado on the 
last occasion for observing it at selected stationa—from yiberia in northern, 
to Kergueleirs Land in southern latitudes. Tho groat maritime powers vied 
wath each other to turn tho oppoituuiiy to tlio best apeount, and I/ird 
Lindsay hud tho spint to equip, at his own expense, the most complete ex¬ 
pedition w^hich loft tho shores of this countr}\ 8omc of tho most valuable 
stations m southern latitudes were desert islands, larcly free from mist or 
tempest, and without hai hours or ahdler of any kind. The landing of tho 
instrumcnta was in many cases attended with great difficulty and oven per¬ 
sonal risk. Photography lout its aid to record automatically tho progress of 
the transit, and M Janssen contrived a revolving plate, by means of which 
from fifty to sixty images of the edge of tho eun could be taken at short 
intervals duiing ihe ci’itical periods of tho phenomenon. 

Tho observation8 of M Janssen at Nagasaki, in Japan, wore of special 
interest Looking through a violot-bluo gloss ho saw Venus, two or three 
minutes before tho transit began, having the appearance of a pale round spot 
near tho edge of the sun, Immcdiatol) after contact tho sogment of the 
planet’s disk, aa seen on the face of tho aim, formed with what romamed of 
this spot a complete circle. The polo spot when first seen was, in short, a 
partial eclipse of the solar corona, which was thus proved beyond dispute to 
bo a luminous atmosphero surrounding the sun. Indications wore at tho 
same time obtained of tho existenoo of an otmosphore around Venus. 

Tho mean distance of tho earth from the sun was long supposed to have 
been fixed within a very small limit of error at about 96,000,000 miles. 
The accurnoy oi this number hud already been caUed in question on thco- 
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roUoal grounds b> Hansen and Ix)vcmer, when Poucault, in 180:^, decidud 
the question by an oxpenmont of extraordinary delicacy. Taking advantage 
of tho rovolving-nurror, with which Wheatstone had some time before 
enriched the physical sciences, Foucault succeeded in measuring the nhsoluto 
velocity of light in space by experiments on n beam of light, rellccttd 
backwards and foiwards, within a tube little more than thirteen feet m 
lengtli. Combining tho result thus obtained with what is called by astrono¬ 
mers tho constant of abcnation, Foucault calculated tho distance ot the earth 
from tho sun, and found it to be one thirtieth part, or about 3,000,000 nulob, 
less than +ho commonly received number. This conclusion has lately been 
oonftimcd by 3J Cornu, from n new determination ho has made of tho 
^eloaty of light according to tho method of Fucau, and in complete accord- 
auco with thefao results aro tho luvestigations of Levemer, foundc'd on a 
conipanson with theory of tho observed motions of tho sun and of tho 
planets Venus and Mars It remains to bo scon whether tho recent obaoi- 
vations of the transit of Venus, when reduced, will bo sufiicicntly concordant 
to fix wiLli oven greater precision the tiuo distanco of the euith Irom the 
sun. 

In this brief icferenco to ono of tho finest results of modem science, 
I have mentioned a great name whoso loss England has recently had to 
deplore, and in connexion with it tho name of un illustrious physicist whoso 
premature death deprived France, a few years ugo, of ono of her bnghtest 
oiuamcnts—V^heatstono and Foucault, ev(‘r to bo remembered for their 
marvellous power of elKitiug, like (labluo and Newton, from familiar 
phenomena the highest truths of nature ^ 

llie discovery of Huggins that some of tho fixed stars aro moving to- 
W'ards and others receding fiom our ajstcin, has been fully confirmed by 
a careful senes of observations lately made by Mr. Chnstio in the Obsorv^a- 
lory of Grotmwich. Mr Huggins has not been able to discover an) indKations 
of a proper motion in tho nebulm, but this may nnso from tho motion of 
translation being less than the method would discover. Few achievements 
in tho history of scionco aro more wonderful than tho measurement of tho 
proper motions of the fixed stars, from observing tlio relative position of tw'p 
dcUcato lines of light in the field of the tolescopo. 

Tho observation of tlie American astronomer Young, that bright lines, 
oorrcaponding to tho ordinary lines of Fraunliofer reversed, may bo seen in 
the lower strata of tlio solar atmosphere for a few moments dunng a total 
edipso, has boon confirmed by Mr Stone, on the occasion of the total oohpBo 
of t}io Bun which ocoiured some time ago m South Africa. In tho outer 
corona, or higher regions of the sun’s atmos];diero, a singlo green line only 
was soon, the same which hod been already described by Young 

I can hero refer only m general terms to tho observations of Bosooe and 
Schuster on tho ahsorption-bonds of potassium and sodium, and to the in- 
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vestigationf^ of Lockyor on the albOipthe powers of meialhc and motulloidal 
vapoura ot difforent tcmporalurofl. Froni the vapour of calcium the latter 
lias obtained tuo wholly distinct spectra, one belonging to a low, and the 
other to a high tonijieraiurc. Mr Ix>ck)cr h also engaged on a now and 
greatly extended map of the solar spectrum. ' 

Speotuun analysis lias lately led to thodiscovciy of a now mctul—gallium 
—the fifth whose presence h.ia been first indicated by that powerful agent. 
This diseo\ei} is due (o M Lt'coq do Iloibbaudraii, already favourably know n 
by a W'ork on the appbcation of the Hpectrosco})o to ehcmical analysis. 

Our hnowlcdge of ueiohics has of late years been gieatly iiureastd , and I 
einmot occupy a few” momenta of youi time more usefully than b} bnofl> 
jcftning to the subject rceentl} as 1800 the most remarkable meleonc 
full on record, not even excepting that of L'Aiglc, occurred near the \'iIIago of 
!Now Concord in Ohio On a day when no Ihuuder-clouda Avcrc visible, loud 
sounds were hoard resembling claps of thunder, followed by a large fall of 
meteouc btonea, some of which were distinctly seen to stuke the earth One 
stone, above 50 pounds in weight, buried itself to tho depth of two feet in 
the ground, and when dug out was found to bo Btill warm. In 1872 another 
Tcmarkublo meteorite, at fiist seen us a brilliant star with a liiminouB tram, 
hurst near Oi vinio in llah, and six fiogments of it were afterwards collected. 

Isolated massts of metallie iron, or rather of on alloy of non and nickel, 
similar in c>omposition and iiropeitics to the iron usually diffused in 
inetoonc stones, have been found here and there on tho surface of the 
earth, some of huge si/c, as one desorihed by Pallas, which weighed about 
two thirds of a mn Of tho meteoric origin of these masses of iron there 
w little room foi doubt, although no iccord exists of their fall. Sir Edward 
Sabine, w'hose life has been devoted with rare fidelity to tho pursuit of 
Hcienoe, and to whose untinng efforts this Association largely owes tho 
position it now occupies, w”as the pioneer of the new^or discoveries in motooric 
science Eight and fifty jcnis ago he visited with Captain Eoes the northern 
bhores of Baffin’s Buy, and made tho interesting discovery that tho knifo- 
bladcs used by the Esquimaux in the vicinity of tho Arctic highlands were 
formed of meteoric iron. ’Ibis observation was afterwords fully confirmed ; 
and scattered blocks of mctconc iron have bcen.fouiid from time to time 
around Baffin’s Bay. But it was not till 1870 that the meteoric treasures 
of BofBu’fa Buy were truly discovered. In that year Nordenskiold found, at 
a part of the shore difficult of approach even in moderate w”cathor, enor¬ 
mous blocks of mcdcono non, the largest weighing nearly twenty toas, im¬ 
bedded in a ndge of basaltic rock. The interest of this observation is greatly 
cnheuocd by the circuinstance that these mosses of meteoric iron, like tho 
basalt with wdiich they oro absociatcd, do not belong to tho present geologi- 
fal epoch, but must have fallen long before the actual arrangement of l^nd 
and sea existed,—dunngy in short, tho* middle Tertiary, or Mioceno period of 
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Lyell, The metoont origin of thcBe iron uiaBtica fi*om Ovifnk 1ms been 
called in question by Lfiwronco Hmith, and it is no doubt possible that they 
may have boon raised by upheaval from the mtenor of the oaith 1 havo 
indeed myself shoAvn by a magnoto-chomical process that metallic iron, in 
particles so fine that tliej have never yet been actually seen, m everj^hcro 
diffused through the Miocene basalt of Slic\o Misli in Antrim, and may 
likewise be disco\crcd bj careful search in almost all igneous and in many 
Tnetumorphio rot^ka These obscivations have since been ventied b) Itciiss lU 
the case of Iho Jioliomian basalts. But, as regards t)i^' native iron of Ovifak, 
the weight of ovitlcnco appears to bo m favoni of the conclusion, at which M. 
DaubrtV, after a on refill discussion of the subject, has ariivcd—that it is 
leiilly of metcono oiigni, Thi-s Ovifak non is also icmarkable fiom con¬ 
taining ft coiisidciabo amount of carbon, pailh corabiiiod with iho iron, 
partly diffused through the inetnlho mass in a ftinii resombling coke. In 
connexion with tins **ub]cct, I must refer to tho able and exhaustivo momoii'S 
of Maskolyuc on (lie llusti and other aeiohtcs, to tho discoicry of vanadium 
by K. Ajijohii in a meteonc iron, to tho iiitircbting obscivations of Horby, 
and to llic rescanhes ot Daubree, >yohlri, l/awrcnco Hmith, Tsthernuik, and 
others. 

Tho important services which tho Kevv Obsorvalor^ has icndorod to 
meteorology and to solar phvsica Imvo bcmi fully recognized , and Mr Qussiot 
bofl hud the grutificdtion of witnessing tho final success of his long and 
noblo efforts to place this observatory upon a pormauont footing. A phj- 
sical observatory for somewhat Rumlai objects, but on a larger scale, is in 
course of erection, under tho guidance of 31. Janssen, at Foutonaj in Fiance, 
and others are spiinging up or olioady exist in Geimany and Italy It is 
oameatly to bo ho[>od that this oouutr} will not log behind in providing 
physical obbervutoncs oil a scale worthy of the nation and commcnsuiuto 
with tho importance of tlio object On tins question I cannot do better 
than refer to tho high authoril} of Dr Baltour Stewart, and to tho views ho 
expressed in his able address last jear to the Physical Hoction. 

Weather telegraphy, or tho reporting by telegraph the state of tho weather 
at Bcleoted stations to a control ofHco, bo that notice of tho probable approaclv 
of storms may be given to tho Roaporls, has become in this countrv an 
organized systom ; and consideiing the httlo progress meteorology has made 
08 a science, tho results may bo considered to be on tho whole satisfactory. Of 
tho warnings issued of lute years, four out of five w^ere justified by tho 
occurrence of gales or strofigwinds. Few storms occunod for which no 
warnings had boon given ; but unfortunately among those were some of tl)o 
heaviest gales of tho ponod. The stations ftrom which daily reports are sent 
to tho meteorological office in London embrace the whole coast of Western 
Europe, mdudmg the Shetland Isles. It appears that atmospheric disturb- 
onooa seldom cro?s tho Atlantic without being greatly altered in character, 
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that the origin of meet of our atorms liea oaatwaxd of the longitude of 
Newfoundland. 

As regards the velocity of the wind, the oup-anomomekT of Dr. Kobinson 
has fully realized the expectations of its discoverer, and the venerable 
astronomer of Armagh has been engaged during the post summer, with all 
the ardour of youth, in a course of labonous oxpenments to determine the 
constants of his instrument. Prom seven years’ observations at the Observa¬ 
tory of Armagh, he bos found that the mean velocity of the wmd is 
greateet in the S.S.W octant and least m the opposite one, and that tho 
amount of wind attains a maximum in January, after which it steadily 
dooroasos, witli one alight exception, till July, augmenting again till tho end 
of the jear 

Passing to tho subject of olootneity, it is mill pleasure that I have to 
announce the failure of a rooeut attempt to depnvo Oorstodt of his great 
discovery. It is gratifying thus to find high reputations vindicated, and 
nmnes which all men love to honour trauBinittod with undimmished lustre 
to posterity. At a former meeting of this Association, remarkable for an 
unusual attendance of distinguished foreigners, tho central figure was 
Oerstedt. On that occasion Sir John Herschel in gloning language compared 
Ooratedt’s discovery to the blessed dew of heaven which only the master¬ 
mind could draw down, but which it was for others to turn to account and 
use for tho fertilization of the earth. To Pranklin, Volta, Coulomb, Oerstedt, 
Amptre, Faraday, Soebetk, and Ohm are duo the fundamental discoveries of 
modem electricity—a science whoso applications m Davy's hands led to 
grander results than alchemist ever dreamed of, and in the hands of others 
(among whom Wheatstone, Morse, and Thomson occupy the foremost place) to 
the marvels of the electric telegraph. When wo proceed from the actual 
phenomena of elootricity to tho molecular conditions upon which those 
phenomena depond, wo are confronted with questions as recondite as any 
with which the physicist has had to deal, but towards the solution of whio^ 
the researches of Faraday have contributed tho most precious materials* Tho 
theory of electrical and magnetic action occupied formerly tho powerful mipds 
of Poisson, Green, and Gauss; and among the living it will surely not bo 
invidious to cite the names of Weber, Helmholtz, Thomson, and Clerk Max- 
well Tho work of tho latter on eloctncity is an original essay worthy in 
every way of the great reputation and of the clear and far-seoing intellect 
of its author. 

Among recent mvestigations I must refer to Professor Tait's discovery of 
conseculive neutral points in certain thenno-deetric junohons, ^or which he 
was latdy awarded tho Keith prize. This discovery has been^the result of 
an elaborate investigation of the pro^ierties of thormo-dootrio currents^ and 
hL s^peeiallf Intoronting in reference to the theory of dynamical deotricijty. 
llsr can t oioit to mention the very interesting and orig^ experimanti pf 
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Dr. Ken on the dielecttrio state, fropi wliich it appeaiv that \rhcn electricity 
of high teusioii is passed through diolectnai, a change of znolocular arrange- 
ment occurs, slowly in the case of solids, quickly in the case of liquids, and 
that the lines of electric force are in soxno cases lines of compression, in 
other case^ lines of extension. 

Of the many discoveries m physical scicnco duo to Sir William Grove, 
the earliest and not the least important is the battery which bears hia name, 
and is to this day the most powerful of all voltaic arraugoments; but with a 
Grove’s battery of 50 or evou 100 cells in vigorous action, the spark will not 
pass through an appreciable distance of cold air. By using a very large 
pumber of cells, carefully insulated and charged with water, Mr, Gassiot 
succeeded in obtaining a short spazk through air; and lately Do La Buo and 
Muller hn\e constructed a largo chloride-of-silvcr battery giving freely sparks 
through cold air, which, when a column of pure water is mterposod in 
the circuit, accuratel} resemble those of the common electrical maohine. 
The length of the spark increasing nearly os the square of the number 
of colls, it has been calculated that with 100,000 elements of this battery 
the discharge should take place tlirough a distance of no loss than eight 
feet in air. 

In the solar boom wo have an agent of surpassing power, the investiga¬ 
tion of whose properties by Newton forms an epoch in the history of experi¬ 
mental science scarcely loss important than the discovery of the law of 
gravitation in tho history of physical astronomy, llirce actions characterise 
the solar beam, or, indeed, more or less that of any luminous bodj—tho 
l^icatiog, the physiological, and tho chcnucul. In tho ordinary solar beam 
ijio can modify the rolativo amount of these actions by passing it through 
diJSerent media, and wo can thus have luminous rays with bttlo heating Or 
littlo chemical action. In tho cose of tho moop’s rays it required the highest 
skill on the part of Lord Bosso, oven with all ihe rosouroos of tho observatpry 
of Parsonstown, to investigoto their heaiong propertii^, and to show that tho 
surface of our satoUite facing tho earth passes, during ovoty lupatjon, t^ugh 
a greater range of tqnperaturc than the differonoo between tho freezing- and 
boihng-poipts of water. 

But if, instead of taking an ordinary ray of light, wo analyze it as Nowtqn 
did by tho ppsm, ^ isolate a vory fine Une of the spectrum (theoretically a 
linq q( infinite tenuity), that is to say^ if we take a ray of definite refrangi*- 
bility, it will be found impoBsihlo by screens or ptherwi#o to alter its pro- 
porjtt^f It was hill oloar perception of the troth of this princside that led 
6to|^ to his great discovery of the oansc of jipipotio dispersion, in whidr-hp 
dniwod tfagt many ^s?dijes hsd the powoJT d ah^rldog danh l‘*y» ^ bifit 
emitting them as igmipoos rays lower 
of W, j^oftf darfthW ^ cmitting*ii as Jt is not, 

iadoed» ^ iftaU cHWtes to aay srhsttw a given flfeot to 
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tho actiou of hout oi light; uad tho quofition 'which of thcflc forccH ia the 
efiScient agent in causing the motion of tho tiny disks in Crookoa’s radiometer 
lias given rise to n good deal of diacuasion. The answer to this question in¬ 
volves tho Humo principles as those hj which the imago traoed on the daguorreo- 
type plute» or tho decomposition ot carbonic acid by the IcavoH of plants, ia 
referred to tho action of light and not of heat, and applying those pnncipUs 
to the experiments made with the radiometer, the weight of evidence appears 
to be in favour of tho view that tho repulsion of the blackened surfaces of 
the disks is due to a thermal reaction occurring in a lughly rarefied medium. 
I have mysclt liad tho pleasure of witncsbing many of Mi. Crookes’s experi¬ 
ments, and I cannot snfflciontly express my admiration of the care and skill 
with which ho pursued this investigation The remarkable repulsions 
he has observed iii tho most perfect vacua hitheito attained arc interesting, 
not only ns having led to tho construction of a beautiful instrument, but us 
being likely, vi hen the aubject is fulH investigated, to give valuable data for 
tho theory of molecular actions. 

A aingnlur property of light, discovered a short time ago by Mr Willoughby 
Smith, IS its |)owcr of diinuiishiug tho eloctneal resistance of tho element 
Bclcnium. ITna properiy has lioen ascoi-tained to belong chiefly to the lunmious 
rays on the red fudo of tho spectrum, being nearly absent in tho violet or 
more rofi’angiblo rays and also m hcat-rajs of low rt‘frangibi]ity. The 
recent exponmonts of Prof, W. U. Adams have fully established tho accuracy 
of tho remarkable observation, first made by Iiord Kossc, that tho action ap¬ 
peared to vary inversely as the simple distance of tho illuminating source. 

Switzciland sent, some years ago, as its reprenontativo to this country tho 
eelebruted Do la Rive, whose scientific life tormod lately the subject of an 
eloquent ^loge from the pen of M, Dumas. On this occasion we havre to 
welcome, m General Mcnabrea, a distinguished ropresentahvo both of the 
kingdom of Italy and of Italian science llis great work on tbo deiermina- 
tion of tho pressures and tensions in an elastic system is of too abstruse n 
ehornotor to bo discussed in this address, but tho pnnciplo it contains may 
be briefly stated in tho following words“ When any elastic system places 
itself in equilibrium under the action of external forces, the work developed 
by tho internal forces is a minimum.” General Meuabrea has, however, other 
ands]>ceial claims upon us hero, as tho fnend lo whom Babbage entrusted tho 
task of making known to the world the principles of his analyticftl machine 
—a gigantic oouoeption, the effoi-t to realixo which it is known was ouo of 
the chief objects of Babbage’s later bfe. Tho latest dovolopment of this oou- 
eeption is to be found in the meohanioal integrator of Prof. J. Thomson, in 
which motion is transmitted, aooording to a new kinematic prineiplo, from a 
disk or cone to a cylinder through the iDtervention of a loose ball, fnd in 
Wfc Thomson's maehino for the meohanioal integration of differentiiil 
^^tions of the second order. In the exquisite tidal machine of the latter 
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we have un iuBtrumont by moauB of which tho height of the tido at a given 
port can be accurately predicted for all timos of tho day and night. 

Tho attraction-motor of Biomcns is an instrument of groat delicacy for 
measaring horizontal attractions, which it is proposed to use for recording 
the attractive influences of tho sun and moon, ujion which the tides depend. 
The bathometer of the same able physicist is another remarkable instrument, 
in which tho constant force of a spring is opposed to the vanablo pressure of 
n column of mercury. By an easy observation of the bathometer on ship¬ 
board, tho depth of the sea maybe approximately ascoriaincd -without tho 
use of a aounditig-hne 

Tho Loan Exhibition of Apparatus at Kensington has been a complete 
BUCC 0 B 9 , and cannot fail to bo useful, both m extending a knowledge of 
scientific subjects and in promoting scientific research throughout tho country. 
Unique iii character, but most interesting and instructive, this exhibition 
will, it is to bo hopcxl, be tho precursor of a permauent museum of seientifle 
objects, which, like tho present exhibition, shall be u record of old, os well 
as a ropresontation of now invoutions. 

It IS often difficult to draw a distinct line of separation between the ph} - 
sical and chemical scioiiccs , and it is perhaps doubtful whether the dmpion 
IS not really an artiflcinl one. Tho chomist cannot, indeed, make any largo 
advance without having to deal with physical principles; and it is to Boyle, 
Dalton, Gaj -Lussac, and Gniham that wo owe the discover)^ of tho racoha- 
Jiical laws which govern the properties of gases and vai>ours. Some of these 
laws have of late been mudo tho subject of searchiug inquiry, which has 
fully confirmed their accuracy, when tho body under examination approaches 
to what has not inaptly been designated tho ideal gaseous state. But when 
gases arc examined under A'liriod conditions of pressure and temperature, it 
is found that those laws arc only particular coses of more general laws, and 
that tho laws of tho gaseous state, as it exists in nature, although they may 
bo enunciated in a precise and dofinito form, are VC 17 different from the 
simple expressions which apply to tho ideal condition. The now laws be- 
pomo in their him inapplicablo when from the gaseous state proper wo 
pass to those intonnodiate conditions which, it has been shown, link with ^ 
unbroken continuity the gaseous and liquid states. As wo approach the 
liquid state, or oven when wo roach it, tho problem becomes more com¬ 
plicated, but its solution oven in those cases will, it may confidently bo 
expected, yield to tho powerful means of investigation wo now possess. 

Among tho more important researches made of late in physical chemistry, 

I may mention those of F. Weber on the speoifio heat of carbon and "the 
allied elements, of Borthelot on tbcrmo-chcmistry, of Bunsen on spectrum 
analys^, of Wullner on the ban4- and line-speotra of tho gases, and of 
Qnthrie on the cryohydrates. 

Cosmioal chemistry is a science of yesterday v nnd yet it olfehdy abounds in 
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of Ihe Interest;. Hydro^n, vhioli, if the dheolnte r:6rd tif the 

physieist not bar the way, we may lio|)e yet io see in the thelallic form, 
ftpt)eftrs to bo everywhere present in Iho imlvorsc. It exists in enormous 
Quantity in the solar atmosphere, and it has been discovered in the atmo¬ 
spheres of the fixed stars. It is present, and is the only known element of 
whoso prosonoo wo are certain, in those vast sheets of ignited gas of which 
the nebulae proper are composed. Nitrogen is also widely diffused among 
the stellar bodies, and carbon has been discovered in inoro than one of the 
oomots. On the other hand, a prominent line in the spectrum of the Aurora 
Borealis has not been identified with that of any known element; and the 
question may be asked:—Does a new element, in a highly rarefied state, 
exist in the upper regions of our atmosphere ? or arc wo with Xngstrdin to 
attribute this line to a fluorescent or phosphorescent light produced by the 
electneal discharge to which the aurora is due ? This question awaits further 
observations before it can bo definitely settled, os does also that of the souroo 
of the remarkable green line which is everywhere conspicuous in the solar 
oorona. 

I must hero pause for a moment to pay a passing tribute to the memory 
of Angstrom, whose great work on the solar spectrum will always remain os 
one of the finest monuments of the science of our period, The influence, 
indeed, which the labours of Angstrom and of Kirchhoff have exerted on the 
most interesting portion of later physics can scarcely be exaggerated, and it 
may be truly said that there ore few men whose loss will be longer felt or 
more deeply deplored than that of tho illustrious astronomer of Upsala. 

I cannot pursue this subject further, nor refer to tho other terrestrial 
elements which are present in the solar and stellar atmospheres. Among 
the many elements that make up the ordinary aerolite, not one has been 
discovered which does not occur upon this earth. On the whole we arrive at 
the grand conclusion that this mighty universe is chiefly built up of the same 
matexials as the globe we inhabit. 

In the application of sdenco to the useful purposes of life, chemistry and 
mechanics have run an honourable race. It was in the valley of the Clyde 
that the chief industry of this country received, within the memory of many 
here present, an extraordinary impulse from the application by Neilson of 
the ixot Blast to tho smelting of iron, Tho pessemor steel process and the 
rogmierative furnace of Siemens are later applications of high scientific prin- 
ciplea to the same industry. But there is ample work yet to be done. The 
fuel consumed in the manufacture of iron^ as, indeed, in every fumaoe where 
used, is greatly in excess of what theory indicates; and the clouds of 
sinoxe which darken the atmosphere of our manufacturing towns, and even 
of whole districts of country, are a clear Indication of the waste, buf only of 
a portion of the warte^ arising bom imperfect combustion. The de¬ 
pressing effect of this abaospherc upon the working population can scurcelj 
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he otemML Their pale, I hid almost said etiolated, faces are a sure indi¬ 
cation of the abaence of the rivifyuig infliience of tte solar rays, so ossontial 
to the maintenance of vigorous health* The chemist can furnish a simple 
test of this state of the atmosphere in the absence of ozone, the active form 
of oxygen, from tho air of our largo towns. At some future day the efforts 
of science to isolate, by a cheap and available process, the oxygen of the 
air for industrial purposes may be rewarded with success Tho effect of such 
a disedvory would be to rcduco the consumption of fuel to a fractional part 
of its present amount, and althotigh tho carbonic acid would remain, tho 
smoko and carbonic oxide would disappear. But an abundant supplj of pure 
oxygen Is not now within our reach, and in the mean time may I venture to 
suggest that m many localities tho waste products of tlie furnace might be 
carried off to a distance from tho busy human hire by a few horizontal flues 
of large dimensions, terminating in lofty chimneys on a hillaide or distant 
plain ? A 8} stem of this kind has long been omploj ed at the morouriol mines 
of Idria, and in other smelting-woika where noxious vapours are disengaged. 
With a little care in tho arrangomonts, the smoko would bo wholly deposited, 
as flue-dust or soot, in tho horizontal galleries, and would bo available for 
the use of tho ogncultunst. 

Tho future historian of organic chemistry will have to record a succession 
of beneficent tnumplis, in which tho efforts of science have led to results of 
the highest value to the w’oUbeing of man. Tho discovery of quinine has 
probably saved more human life, with tho exception of that of vaccination, 
that! any discovery of any age; and he who succeeds in devising an artificial 
method of preparing it will be tmly a benefactor of the race. Not tho least 
valuable, as it has been one of tho moat successful, of tho works of our 
Government in Indio, has been the planting of the cinchona-tree on the 
slopes of tho Himalaya. As artificial methods are discovered, one by one, of 
preparing the proximate principles of the useful dyes, a temporary derange¬ 
ment of indtwtry occurs, but in tho end tho waste materials of our manufac¬ 
tures sot free large portions of tho soil for tho production of human food. 

The ravages of insects have ever been the terror of the agriculturist, and 
the injury they inflict is often Inoaloulablo. An enemy of this class, carried ^ 
over from America, threatened latdy with ruin some of the finest vine 
districts in the south of TVance. The occasion has called forth a ^emtst of 
high TMiowti ; and in a classical memoir recently published, M. Dumas ap¬ 
pears to have resolved the difficult problem, ttis method, although immedl- 
at;^ Applied to the Phytl<k'‘era of the me, is a general one, and will no 
dottffc bo found serviceable Id other cases. In the apterous state the 

attioks the roots of the plant; and f^e m^t efflcactous hitherto 

^OWd^of destroying it has been to inundate the tlnqrard. After A long and 
pKtitut iuVe^iigation, W. Dumas has discovered that tho wlnkocarbonate of 
pbtAssiuni^ in diloto solution, fblflls every condition required from an insfeatl- 
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cidc, dostrojing tte insect without injuring the plant. The process requires 
time and patience; but the tnnls in the rinoyard have fully confirmed the 
experiments of llio laboratory. 

The application of artificial cold to practical puiposca is rapidly extending ; 
and, with the improvcTneni of tho ice-machinc, the influence of this agent 
upon our supply of animal food from distant countries will undoubtedly bo 
immense. The icc-machinc is already employed m paraffin-works and in 
large breweries, and the cuiing or salting of meat is now largely conducted 
in vast chambers, maintamod throughout tho summer at a coustant tomi>era- 
ture by a thick covering of ico 

I have now completed this brief review, reudered difficult bj tho abun¬ 
dance, not b} tho lack of materials. Even confining our attention to tho 
few branches of science upon wlucli I have ventuiwl to touch, and omitting 
altogether tho w'hole range of pure chemistry, it is with regret that I find 
myself constrained to make onl} a simple reference to the important work of 
Cajlo} on the Mathematical Tlioorj of Isomers, and to olaboraio memoirs 
which have recently appeared in Gonna ny on tho reflect ion of heat- und hght- 
rajs, and on tho specific heat and conducting-power of gases for heat, by 
Knoblauch, E. Wiedemann, Winkelmnnii, and Huff. 

Tho decline of science in England loimcd the theme, fifty jears ago, of tm 
elaborate essay 1)} Babbage, but tho bnlliant di6Co\erics of Faraday soon 
after wiped off tho reproach. I will not venture to sa) that tho alarm whicli 
has lately orifieii, heio and elsewhere, on the same subject will prove to 
be equally groundless. The duration of every great outburst of human 
uchvitj, whether in nit, iji literature, or m science, has always been short, 
and experimental hcicnce has mndo gigantic advances during tho last three 
cent lines. Tlie cTJtkncc of any great failure is not, however, very manifest, 
at least in the phjsical sciences. The journal of Poggcndoiff, w^hich haa long 
been a faithful record of the progress of physical research thi oughout tho 
world, shouts no signs of flagging, and tho Jubolband by which Germany 
celebrated the fiftieth jear of Poggeiidorff s imalutible soivices was at the 
same time an ovation to a Eci^ntific vetoTon, who has iiorhapa done more 
than any man living to cncourngo tho highest foima of research, and a proof 
that in Nortluni Europe tho physical ficieuccs eontinuo to bo ably and 
actively cultivated. It in cheniibtiy’ the case is Bomcwhal weaker, tho ox- 
plan at ion, at least in tins countiy, 10 chiefly to be found m the demand on 
tho part of tho public for professional aid from many of our ablest chemists. 

But whatever v icw he taken of tho actual condition of scientific research, 
there can ho no doubt that it is both the duty and the interest of the countiy 
to encourage a pursuit so ennobling in itself, und fraught with such impor¬ 
tant conBCqucnces to tho woUboing of tho community. Nor w there any 
question in which this Assooiotion, whose sitcciol aim xs tho odiancomcnt of 
'Ocionce, can take a deeper intcicst. The public mind has also boon awakened 



fa) ite uuportanoAy a&d u pr^i^ to aid in ouiying ont tny proposal vhudi 
ottm a reason^Q proapeot of sdvanta^ 

In its recent phaae the question of soiontifio research has been mixed up 
with contemplated changes in the great universities of England^ and par- 
faoularly in the University of Oxford Ihe national interests involved on 
all sides are immense and a false step once taken may be irretnovable It 
IS with diffidence that I now refer to the subject, even after having given to 
it the moat anxious and careful consideration 

As i^garda the higher mathematics their cultivation has hitherto been 
chiefly coniined to tho Universities of Cambndgo and Dublin, and two great 
mathematical schools will probably be auffioiont for the kingdom The case 
of the physical and natural scionoea is different and they ought to bo cul- 
tivatod in tho largest and widest sense at every complete university Nor, 
in applying this remark to tho Lnghsh universities, must we forgot that if 
Cambndgo was the alma mater of Newton and Cavendish, Oxford gave birth 
to the Eoyal Society The ancient renou n of Oxford will surely not sufleri 
while her matenal position cannot fail to be stiongthenod, by the expansion 
of sowntiflo studies and tho oncouragomont ot soieutifio research within her 
walls Nor ought such a proposal to be regarded as in any way hostile to 
the literary studies, and tspocially to the ancient classical studies, which 
have always been so carefully ohenshed at Oxford If, indeed, there were 
any such nsk, few would hesitate to exclaun—let scienoe shift elsewhere for 
herself, and let literature and philosophy And shelter in Oxford 1 But there 
IS no ground for any such anxiety Literature and soionoe, philosophy and 
art, when properly cultivated, far fi:om opposing Mall mutually aid one 
another ^Hiero will be ample room for all, and, by judicious arrangements, 
all may receive the attention they deserve 

A Umversity, or Stadium Qonerale, ought to embrace m its arrangemente 
the whole circle of studios which involve the material interests of society, as 
well as th(Me which cultivate intellootual refinement The industries of the 
oonntTy ^ould look to the nmversitaes for the development of the principles 
of aikplied as well as of abstract science, and m this respect no inshtatioQa 
havO ever had so grand a possession within easy reach as have the umveT'^ 
i^tiea of England at this conjuncture, if only they havo the courage to seize it 
With their biistono reputation, their collegiate endowments, their oegaunand^ 
Ihg htfiuence, Oxford and Cambridge should oontonue to be all that ^ey now 
arhj, but they should, moreover, attract to their lecture^^haUs workmg 
Oab^Mts students m large nninbers preparing for the bigh^ industrial 
Stdti of ttie country The great physical labonrtory in Cambridge, foom|aj 
and dqtdpped by the noble ropreeentaiive of the House of CaTendiih, has in 
^ fospOct a peculiar aigiuflcsnaoe^ and le ah unperfont step in the directoon 
I ^dfoated But a sinall number only of those for whom this tem^ 
arc igrr to be found ih |t|Mmauu Ca^ihm 

iBTd# 
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University to perform its part, and to widen its portals so that the nation at 
large may reap tho advantage of this well-timed foundation. 

If the Universities, in accordance with tho spirit of their statutes, or at 
least of ancient usage, would demand from the candidates for some of the 
higher degrees proof of original powers of investigation, they would give an 
important stimulus to tho cultivation of science The example of many con¬ 
tinental universities, and among others of tho vonerable University of Leyden, 
may here bo mentioned Two proof essays recenlly written for the degree 
of Doctor of Scionco in Ijoydcu, one by Van der Waals, the other by Lorenz, 
are works of unusual ment, and another pupil of Professor llijke is now 
engaged in an elaborate oxpenmental research us a (lualifii'ation for tho same 
degree 

Tho endowment of a bod) of scientific men dei oted exclusively to onginal 
research, without the duty of teaching or other occupation, has of late been 
strongly advocated in this country, and M Freni} has given the weight of 
his high authority to a somewhat similar pioposal for the encouragement of 
research in France. I will not Attempt to discuss the subject as a national 
question, the more so as after having given tho proposal tho most careful 
consideration in my power, and turned it round on every side, I have failed 
to discover how it could be worked so as to secure the end m \iow 

But whatever may bo said in favour of the endowment of pure research as 
a national (juestion, the Universities ought surely never to be asked to give 
their aid to a measure which would sc parato the liighor intellocts of the country 
from tho flower of its youth. It is only through tho influence of original 
minds that any groat or enduring impression cm be produced on tho hopeful 
student. Without original power, and the habit of oxorcising it, you may 
have an able instructor, but you cannot have a great teacher. No man can 
be expected to train others in habits of observation and thought ho has never 
acquired himself. In every age of tho world the great schools of learning 
have, as m Athens of old, gathered around great and original minds, and 
never more conspicuously than m the modern schools of chemistry, which 
reflected the genius of Licbig, Wohler, Bunsen, and Hofmann. These 
Bohools have been nurseries of onginal research as well as models of scientiflo 
teaching; and students attracted to them from all countries became enthu- 
Hioatioally devoted to science, while they learned its methods from eiample 
even more than from precept. Will any one have the courage to assert that 
organic chemistry, with its many applications to the uses of mankind, would 
have made in a few short years the marvellous strides it has done, if Science, 
now as in mediSBval limes, had pursued her work m strict seclusion, 

BsmoU sb noftni rsbus, selunctsqus looge, 

f Ipsa sms peUens opibos, nil incUga nostn ? 

Bot while the Universities onght not to apply their resources in support 
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of a meakire 'which would render their teaching ineffective, and would at the 
same time dry up the springs of intellectual growth, they ought to admit 
freely to university positions men of high repute from other universities, and 
even without academic qualifications. An honorary degree does not neces¬ 
sarily imply a university education, but if it have any moaning at all, it 
implies that he who has obtained it is at least on a level with the ordinary 
graduate, and should be eligible to university positions of the highest trust. 

Not less important would it be for the encouragement of learning 
throughout the country that the English Universities, remembenng that 
they were founded for the same objects, and derive their authority from a 
common source, should bo prepared to lecogni/e tlie ancient universities of 
Scotland as freely as they have ulv^ajs recognized tiio Elizabethan University 
of Dublin. Such a measure would imigorate the whole university system 
of the countiy moie tlmn any other T can think of It would lead to 
the strengthening of the litenirv clement in the northern, and of the 
practical element in the southern univcisitics, and it would bring the highest 
teaching of the country everywhere more fully into harmony with the 
requirements of the limea in ivhich we live As an indirect result, it could 
not fail to give a poweiful impulse to literary pursuits as well as to scientific 
investigations Piofcssors ^\ou]d bo pioraotcd from smalJor positions in 
one university to higlicr jwsitionH in another, after they had given proofs 
of industry and ability ; and stagnation, Luitful alike to professonal and 
professional life, would be eficctually prevented. If this union were estab¬ 
lished among the old universities, and il at the same time a new univer¬ 
sity (as T myself ten 5 cars ago earnestlj proposed) were founded on sound 
principles amidst tho great populations of Lancashire and Yorkshire, tho 
university system of tho country would gradually receive a large and useful 
extension, and, without losing any of its iiresent valuable charactenstica, 
would become more intimately lelated than hithcito wuth those great indus- 
tries upon which mainly depend the strength and wealth of the nation. 

It may perhaps ajipear to many a parudovical assertion to maintain that 
tho industries of the countiy should look to the calm and serene regions 
of Oxford and Cambridge for help m the troublous times of which we ' 
have now a sharp and severe note of warning. But 1 have not spqj^en 
on light grounds, nor without due consideration If Great Bntain is to 
retain the commanding position she has bo long occupied in skilled menu- 
factore, easy ways which (owing partly to the high qualities of her 
people, partly to the advantaged of her insular position and mineral wealth) 
have mffloed for the past, will not be found to suffice for the futuf^. 
The highest training which can be brought to bear on practical science 
will be imperatively required; and it will be a fatal policy if that training 
U to be sought for in foreign lands, because it cannot be obtained at home. 
Tho country which depends unduly on the stranger for the education of 
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ifci flkiUod men, or neglecta in its higho«»t places this primary duty, may ex¬ 
pect to find the demand for such skill gradueilly to pass away, and along 
with it the industry for which it was wanted. I do not claim for scien¬ 
tific education more than it will accomplish, nor can it ever replace the 
after-training of the workshop or factory Rare and powerful minds have, 
it is true, often been independent of it, but high education always gives an 
enormous advantage to the country where it prevails Lot no one suppose 
I am now referring to oleniontary instruction, and much less to the active 
work which is going on every whore around us, m prepanng for examina¬ 
tions of all kinds Those things are all very useful in their way , but it is 
not by them alone that the jiractical arts are to be euatained in the country 
Tt is by education in its highest some, based on a broad scientific founda¬ 
tion, and leading to the application of science to practical purposes—in itself 
one of the noblest pursuits of the human mind—that this result is to be 
reached. That education of this kind can bo moat effectively given m a 
university, or in an institution like the Polytechnic School of Zurich, which 
difiTers from the scientific side of a university only in name, and to a large 
extent supplements the teaching of an actual university, I am firmly con¬ 
vinced ; and for this reason, among others, I have always deemed the estab¬ 
lishment m this country of Examimng Boards with the power of granting 
degrees, but with none of the higher and more important functions of a 
umversity, to have been a measuro of questionable utility. It is to Oxford 
and Cambridge, widely extended as they can readily be, that the country 
should chiefly look for the development of practical science , they have abun¬ 
dant resources for the task ; and if they wish to secure and strengthen their 
lofty position, they can do it in no way so effectually os by showing that m 
a green old age they preserve the vigour and elasticity of youth. 

If any are disposed to think that I havo been carrying this meeting into 
dream-land, lot them pause and listen to the result of similar efforts to those 
I have been advocating, undertaken by a neighbouring country when on the 
verge of mm, and steadily pursued by the same country in the climax of its 
prosperity. The University of Berlin,’' to use the words of Hofinann, 
“ like her sister of Bonn, is a creation of our century. It was founded in 
th% year 1810, at a period when the pressure of foreign domination weighed 
almost insnpportably on Prussia; and it will over remain significant of the 
directaon of the German mind that the great men of that time should have 
hoped to develop, by high intellectual training, the forces neoeasor/ for the 
regeneration of their country,” It is not for me, especially in this place, to 
dwell upon the great strides which Northern Germany has mode of late yearn 
in tome of the largest branches of industry, and particularly in those wbioh 
give a free scope for tiie application of saenhfio skill. Let us not sap- 
pesw,^ says M. Warts in his recent report on the Artificial Dyes, “that 
the distance is so great between theory and its industrial iq)phcatiW^ This 
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report would have been wntten in ram, if it had not brought clearly into 
view the immenBe influence of pure science upon the progress of industry. 
If unfortunately the sacred flame of science should bum dimly or be extin¬ 
guished, the practical arts would soon fall into rapid decay. The outlay 
which IS incurred by any country for the promotion of scionoe and of high 
instruction will yield a certain return ; and Germany has not had long to wait 
for the ingathering of the fruits of her far-sighted policy. Thirty or forty 
years ago, industry could scarcely bo said to exist there, it is now widely 
spread and successful/’ As an illustration of the truth of these remarks, I 
may refer to the newest of European industues, but one which in a short 
space of time has attained considerable magnitude. It appears (and I make 
the statement on the authority of M Wurt^ that the artificial dyes produced 
last year in Germany exceeded m value those of all the rest of Europe, in¬ 
cluding England and France Yet Germany has no special advantage for 
this manufacture except the training of her practical chemists. We are not, 
it IS true, to attach undue importance to a single case; but the rapid growth 
of other and larger industries points in the same direction, and will, I trust, 
secure some consideration for the suggestions I have ventured to make 

The intimate relations which exist between abstract science and its appli¬ 
cations to the uses of life have always boon kept steadily in view by this 
Association, and the valuable lleporta, which are a monument to the industry 
and aeal of its members, embrace every part of the domain of science. It is 
with the greater confidence, therefore, that I have ventured to suggest from 
this Chair that no partition wall should anywhere bo raised up between pure 
and applied science. The same sontimeut animates our vigorous ally, the 
French Association for the Advancement of Science, which nvolhng, as it 
already does, this Association m the high scienhflc character of its proceefl- 
ings, bids fair in a few years to call forth the same interest in science and its 
results, throughout the groat provincial towns of Franco, which the Ilnlish 
Association may justly claim to have already effoctod in tins country. No 
better proof can be given of the wide base upon which the French Associa¬ 
tion rests, than the fact that it was presided over last year by an able repre¬ 
sentative of commerce and industry, and this year by one who has long 
held au exalted position m the world of science, and lias now the rare di¬ 
stinction of representing in her historic Academies the literature as well as 
the smenoe of France, 

Whatever bo the result of our efforts to advance science and industry, it 
req^rcs no gift of prophdey to declare that the boundless resources which 
tlie supreme Author and Upholder of the Universe has provided for Abe use 
of mwi will, as time rolls on, be mow and more fully applied to the im¬ 
provement of the physical and, through the impwvement of the physicnl, to 
the elevation of the moral condition of the human family. Unless, however, 
the histoiy of the future of our race be wholly at vana^oe with the history 
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of the past, the progrress of mankind will be marked by alternate periods 
of activity and repose, nor will it be the work of any one nation or of 
any one race To the erection of the edifice of civilized life, as it now 
exists, all the higher races of the world have contributed; end if the ^balance 
were accurately struck, the claims of Asia for her portion of the work would 
be immense, and those of Northern Africa not insignificant Steam-power 
has of late years produced greater changes than probably ever occurred be¬ 
fore in so short a time. But the lesoiirees of Nuturo are not confined to 
ateam, nor to the combustion of coal The steady water-wheel and the rapid 
turbine are more perfect machines than the stationary steam-engine; and 
glaoier-fed nvers with natural reservoirs, if fully turned to account, would 
supply an unlimited and nearly Constant source of power depending solely 
for its continuance upon solar heat But no immediate dislocation of indus¬ 
try 18 to be feared, although the turbine is already at work on the Rhine and 
the Rhone. In the struggle to maintain their high position in science and its 
appheations, the countrymen of Newton and Watt will have no ground for 
alarm so long os they hold fast to their old traditions, and remember that 
the greatest nations have fallen when they relaxed lu those habits of intelh- 
gent and steady industry upon which all peimanenl success depends. 
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Twelfth Report of the Comnnitee foi Eiploring Kent^s Cavern, 
Devomture, the Committee eotutiiitnKf of John Evans, FU S , Sir 
John Ijubbocic, Bart, FRS, Kdwaiid Vivian, M,A , George 
Rusk, F R S , Wilih\m Bo\u Dvwkins, F R S , Witxiam Aysu- 
FORu S \NroRP, F,G S , John Kowvru Lll, F G S , and William 
Ih NGELLY, F R {Reporle )) 


The Elovonth Report, presonted by the Committoo to tho Association during 
the Meeting at Bristol in lS7o, and read to thi* (ieologii iil Section *, brought 
up the uairalive oi the <. x])U>ration to the enil ot July of that year Fioni 
that date the Mhuh ih still iii piogitss, lias been carnc'd on uninter¬ 

ruptedly, in all rosjiects as in jireviuus 3 ears, and it is intcuidcd in tho 
present Report to desciibo the lesoaiches made dunng tho thirteen months 
ending ^Ist of August of llio piesent }eur 

Though tho Comnulit'e have still the satisfaction of stating that they retain 
tho valuable eorvicOHol Gcoige vSmerdon, foreman of the woik, the} have to add 
that Nu holas Lusconihe, who had boenmiguged a shoi t tune befoie the Eleventh 
Report was drawn up, was obliged to leave ver} soon afteiwuids on account of 
illness, and that there was some difficulty in supplying his place, thoro being 
a great demand for lahoureis at Tonjuuy At tho beginning of Se])tembor, 
however, they engaged a young man named William Matthews, who has 
given complottt satisfaction, uiid is still at v\ ork in the Cavern 

The Hupenntendents havo had the pleasure, us m former years, of con¬ 
ducting a largo number of persons into tho Cavern, of explaining to them on 
tho spot the mode of woiking, and describing tho facts whieh have been dia- 
coverexi, as well as of flotting forth thoir bearing on Talajoutology and 
Anthropology Tho follow mg may bo montionod as amongst the visitors since 
the Eleventh Repoit was presented —Lord Erskine, Hou. J C. Erskino, Sir 
J. B. Buntiio, Hir L Talk, Sir J. Wulrond, Colonel Bridges, Colonel Buckle 
(Bangalore), Major Lang, Captain E. (L D. Watson, the Revds. Chancellor 
Benson, T, Hincks, W R Stevenson, and R. R. Wolfo, Dr. Boycott, Professors 
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of them, ■whoTi the Eleventh Keport was presented When Mr MacEncry 
and hiB contemporaries commonetd their labours m the Cavern, the existence 
of this chamber was probably known to but very few persons, as what 
appeared to be its in o entrances must have hem so nearly filled with deposits 
of different kinds os to reduce them to tho size of mere pigeon-holes , and it 
IB perhaps worthy ot remark, by way of confirmation, that though it contained 
large and lofty boflses of stalagmite, such as visitors loved to ennoh with 
their nainos or imtials, the only inscription found m it is dated many joorfl 
after the commencement of Mr MacEnorj s rcsearchos 

Ihe ontraneo to the Labynnth is about 100 fe(t from the mouth of the 
Long Arcade, and 280 feet from tho nearest external entrance to the Cavern 
Ihe name of Labynnth was given to it on iceount of tho difficulty which, 
without a guide, visitors < xpern need in thiending thtir way between the 
numorouH masses of fillcn limestone and tho large bosses of stalagmite which 
occupied its flooi In fact it nas not only tho most bowildonng branch of the 
Cavern, but even pei’sons somewhat famihir with tho soono so constantly 
‘Most their bearings as to be unable, even after omtrging from it to teU 
whether their way out of the ( avern lay to tho right hand or to the left 
“ There was,’ says Mr Mael ncry “a tradition of the loss of life hero by a 
young man who ventured to explore it without a guide It is certain that 
two gentlemen who lost their light and way spent a night of horror horo, 
dreading to advance for fear ot lolling into the pits they remained im¬ 

movable until their friends came to thiir relief, alarmed by their absence”* 
In another jiossoge, speaking of the Jab)noth as “ llio Zig/ag Eouto,” 
he sajs, “ Of the dangerous intncacKs of this section of the Cavern a memo¬ 
rable and ncaily fatal iHustntion occurred during the Amencaii War Some 
officers of the fleet then stationed in Torba) had the hardihood to attempt to 
explore it without a guide Having lost their due, they wandered about m 
the vain hope of fetiacing their steps, during which their torches wore burnt 
out They then groped about in different directions and separated After a 
night of horror they were released by their fnends, who, alarmed at their 
absence, recollected tho projected adventure and hastened to thoir deliver¬ 
ance 

The Labynnth extends from the Long Arcade, m a south-easterly direcbon, 
for about 4d feet, throwing oft three narrow branches at and near its inner 
end Of these, the central one, opening out of the south-eastern corner, and 
which it 18 proposed to call “ Matthews s Passage, * after one of the workmen, 
loads into tho Bear’s Den, another, the mouth of which is immediately 
a^aoent and opens out of the north-eastern wall, has long been famous as 
The Little Oven,” and has its other end on the mass of limestone known as 
“ The Bndgo’M, at a distance of upwards of 60 feet towards the north , whilst 
tho third, commencing in tho southernmost comer, extends for a distance of 
at least from 16 to 20 feet towards the south-west The I objnnth is com¬ 
monly from 17 to 18 feet wide, but expands at one point to 22 feet, and 
contracts at another to 16 foet, its greatest height is 18 feet, measured from 
the bottom of the excavation 

The walls and roof, though by no means without traces of the eromve action 
of flowing water, are in most places extremely rugged, and suggest by their 
fretted aspect that even the last of the numerous blocks of limestone enoum- 
benng its floor must have fallen a long time ago 

V t * Sfo Trane Devon Aeeoc vol m (1869), p 238 

t Ibid p 460 ♦ 

I See B^rt Bnt. Aesoo 1873, p 190 
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It is separated from the Long Aroade by a massive curtain of limeBtone, 
descending from the roof to the depth of 9 ieet, across a space about 18 feet 
■wide, being, so to speak, slightly looped up at each end to form two email 
entrances. Observers unaccustomed to caverns are not unlikely to speculate 
on the cause which prevents the fall of this moss, and to hasten on lest the 
time before the event occurs inaj bo undesirably brief 

Mr. MacEnery bad conducted some diggings m the Ijubynnth, and had 
carried them to a depth of at least three feet at ono of the entrances, so that 
by assuming a stooping posture ingress and egress became possible. In all 
other parts of the chamber his work was much less deep, and, on account of 
tho state of the floor, was necessarily discontinuous 

Omitting tho largo bleaks of bmestone, tho deposits were —First, or upper¬ 
most, a Floor of Oranular Stalagmite, IVom which there arose several huge 
bosses also of Stalagmite, one of which was li feet high above tho floor, whilst 
its base occupied a rudely circular space fully 15 feet in mean diameter 
Second, a la^er of C'uvc-carth, rarely amounting to more than a foot in 
depth, and sometimes to not more than a few inches, whilst it occasionally 
reached as much as 2 foot. 

Third Though it may be doubted whether there ever was a Floor of the 
more ancient, the Cry stallme. Stalagmite in tho Labynnth, the lower, and by 
far tho groaUT, part of tho ])osse8 mentioned above was of that variety, and 
was covered with a comparatively thin envelope of the Granular kind, without 
any modi a meal deposit between them 

Fourth, tho Breccia, or, so far as is known, the most ancient of tho Cavern 
deposits, lay immediately beneath the Cavc-caitb, from which there was 
nothing to separate it, and extended to a depth exceeding that to which the 
excavations wcie earned 

In looking at the facts as they presented themselves, day after day, the 
following appears to bo not improbably tho history of the deposits in this 
branch of the Cavern 

During, as well as after, the deposition of tho Breccia, with its ursine rehes, 
stalagmite, having now a crystoDine texture, was m course of precipitation, 
and in such a way as to form, not sheets orfloors, but bosses of a more or loss 
conical form, which, whilst they rested on Breccia, had their lower slopes 
covered with the same material, so that their buses were deeply buned in 
that ancient deposit After tho close of the era of the Breccia, tho precipi¬ 
tation was still earned on, but, os before, in such a way as to add to tho 
volume of tho bosses, and not to produce vi. floor. Then came the deposition 
of the Cave-earth, containing remains of Boor, Lion, Fox, Hymn a, Mammoth, 
Rhinoceros, Horse, Ox, and Bud—all of them, with tho exception of thedrst 
three, unknown to tho Bieccia. Later still was the precipitation of that 
stalagmite which is granular instead of cry^sialline, and which not only added 
to the dimonsions of tho already massive ImsBes, but flowed out in sheets and 
covered tho Cave-earth. Whilst all those successive operations were in pro¬ 
gress, blocks of limestone from time to time fell from Uie roof—some of them 
being buned in the Breccia at? depths the excavators have not reached, some 
lying loose on the Floor of Granular Btalagnnte, and others occupying all 
intermediate zones and representing all tho intervening periods. 

In order to achieve the thorough exploration of the Labyrinth, it was 
necessary to break up all the bosses of stalagmite with the exception of the 
largest of them, of which a portion has been loft intaot, it being believed that 
it ^ows strikingly ths utter inadequacy of the data derived from a boss to 
solve the problem of the omonnt of time represented by a floor, and vtoe 
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Before dlrooting the workmen, however, to remove any of those stakg^nitio 
accumulations, tho rtupenntondonta curofully examined thorn for inscriptions, 
Novortheloss, ono inscription was overlooked—thai alroady referred to as tho 
only spociraon of tho kind within tho Lab) nnth , and it was not until a 
portion of the largest boss was bloated otf that it was found to have on it 
“G Knight, Juno 1, 1830’^ 

Tho upper aiu faco of both tho Oavc-carth and tho Breccia rose, with aomo 
UToguhintiea, dS inches from tho mouth of tho Labyrinth to its innermost 
extremity, giving u mean ascondmg gradient of about I in 17 

Tho total number of finds ” iii this iimnch of tho Cavern w<w 135, and 
tho flpccimens they included were as follow — 

Lying on the suifuce —Three portions of ribs and two other bones (No 
0780), tho two latter having b(‘eu cut with a nluiqi tool, jicrhapa by an 
existing butcher, and one liono Bat in a heap of Pipes ” of Stalactite, 
probably collected by man 

In the Granular Stafaymiti —Ono tooth of Lion 

Li the Cave-eaith —IW teeth of Hycena, 7 of Bear, 0 of Fox, 3 of Horse, 
2 of Khinoccroa, 3 plata of a mol.ir of a young Mammoth, 1 of Lion, L of 
Ox, and 1 of Sheep (of doubtful position), several bones and portions of bone, 
including a tarsus of Bird, and two pieces of bone apparently charred, 1 
coprolito, and 1 small chip of f .nt 

In the Crystalline IStalaijmik —0 teeth of Boar, of which 5 were in ono 
and tho same jaw. 

In the Breccia —215 teeth of Bear, and a considerable number of bones, of 
whioh many aro good specimens 

As in all other parts of tho Cavern where ho had made researches, Mr. 
MaoKuery simply cast aside tho maU*nal ho dug up, without iakmg it to*tlio 
exterior for final examination. 'fho Supenntondonts took outsulo fbo 
Cavern the “biokcu ground ” met with in tho Labynnth and examined it 
Ottrofully by dav light, as m all previous cases of tho kind It yielded 17 
tocth of Bear, 14 of H) oona (three of them m piooos of jaws), 2 of the C igantic 
Irish Doer (in part of a jaw), 1 of Door, 1 of Horse, 1 of Sheep j bones and 
pieces of bone ; and part of a Crab’s claw, no doubt quite recent 

Tho exploration of tho Labyrinth, commoncod on October 28, 1875, was 
completed on July 10, 1870, upwards of 8 months having boon spent on it. 

Matthewses Passage .—^Having finished their rescarohes in the Labynnth, 
the Committee proceeded at once to explore f)io small branch loading from it 
to the Bear’s Den, and termed, as already stated, Matthews’s rasaago, thus 
leaving tho two other and adjacent small ramifications to bo undertaken on 
some fhture occasion To this course they were tempted partly on account 
of the severe and protracted labour which, from their very himted breadth 
and tho character of their deposits, must attend tho excavahon of those 
branohoa, and partly by the wealth of osseous remains which, from Mr, Mnc- 
Enery’s description, they aro hkoly to find lAthe Bear’s Den. 

Matthews’s Passage consists of two Beaches, the first, opening out of tho 
Labynnth, extends for about 14 foot towards tho south-east, where the 
second turns sharply towards oast-north-east, and after a somewhflt tortuous 
course for about 16 feet, enters the Bear’s Den. Thoir height is from 9 to 
10 feet almost everywhere (measuring, as usual, from the bottom of the 
excavation, which nowhore roaches the limestone floor), and they vary from 3*6 
fleet to 7 feet in width, Tho walls and roof, the latter especially, boar evident 
traces of the erosive action of a flowing stream, suooeoded by the corrosion 
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due, no doubt, to acidulated water, aa the surfaces arc much fretted. Holes, 
having the aspect of mouths of small watercourses, o[>cn out of the walls and 
roof in various places , and about midway in the Second lloach the roof rises 
into a small water-worn dome, trom the ajxjx of winch a cylindrical Hue ascends 
into the limestone, and, like the watorcouraos ju&t mentioned, is quite 
empty. 

Tlnsro wore but scanty traces of a Stalagmitic Floor m tho First Tlcnch, in 
wbi( h, however, the earlier (explorers had hero and there broken ground, 
but throughout tho entire length of the Second Iteaeh a Floor of Granular 
Stalagmite extended from wall to wall, \arming from 10 to 24 inches in 
thickness, and at about 10 feet from its entrance ihero was also a portion of 
a Floor of Grjstallino or old Stalagmite adhering to the left wall, wlienee it 
piobably never extended to the opposiio side. It was about 15 mdios thick, 
iielow and almost in contact witli tho Grannlar Floor, but Ropiiraied from it 
by a la^oi of Cave-earth about ono indi thick 

The mechanical deposits in tho First Itcach wore the usual thin layer of 
Cavo-carth above, and the Hicccia of unknown depth below, but in tho 
Second Kea(,h the space beneath tlio Stalagmitic Floor was mainly occupied 
with largo Itxiso masses ok limestone, soino of which required to be blasted 
more than once in order to remove tliem The sjiaoos lietweeu them were 
filled with Cave-earth or Jlroeua, with comparatively few Bpocimons of any 
kind 

The upper surface of tho Ca\ o-oarth was almost porfi'cily hon/ontal m tho 
First lloach, but in tho Second there was a gradual and total ascent of 27 
mchea, giving a mean gradient of alanit 1 in 7 lor that lloach. 

Matthews’s Passage yielded a total of 49 “ finds,” consisting of specimens 
which may bo thus distnbuted — 

In tlu Cave-earih —20 tooth of Hytcna(somo of thorn m portions of jaws), 
2 of Boar, 1 of an immature Mammoth, 1 of Fox, and a considerable 
number of bones, many of them being more or loss broken and a few of 
them gnawed. 

In the Breceia, —100 teeth of Bear and a largo number of bones, including 
many good specimens Tho nehcat “ finds were mot with in a small 
narrow recess in the outer angle at the junction of the two Roaches, where 
the teeth and bones lay huddled confusedly together, suggesting that a rush 
of water had probably carried thorn to tho spot they oeciijnod, 

No trace of man was detected m any part of this branch of tho Carom. 

The exploration of Matthews’s Paasage, begun on- 11th July, 1870, was 
coniplotcd on Blst August, having occupied about 7 weeks, and operations 
were commenced m the Boar’s Don on lat September. 

In looking over tho work nccomplishod, and the discovenos made, since 
the Eleventh Report was proaontod at Bristol in 1875, tho following note¬ 
worthy facts present themselves ; — 

let In their Eleventh Report tho Committee sketched the distribution in 
the Cavern of tho remains of the various species of Mammals which characterize 
the Cave-earth. Of this sketch tho following is a brief summary :---The 
Hysenahad been met with wherever the Cave-earth was found; the Hare had 
not been detected anywhere in tho“WoBt©m Division” of the Cavern— 
that most remote from the external entrances: the Badger, Wolf, and Ox 
hod not been found b^ond the “Charcoal Cavo,” and relics of Horse, 
Bhinooeros, Deer, Fox, Elephant, and lion had not appeared beyond the 
** Long Arcade.” 
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The diacovenea which have aince been made require that this sketch should 
be corrected m the following particulars —Remains of Ox, Horse, Rhinoceros, 
I)eer(?), Fox, Elephant, and Lion have uU now been found beyond the Long 
Arcade, in one or more of the three branches of the Cavern explored since 
the Bristol Meeting Tn all other particulars the distribution renmins at 
present as sketched in 1875. 

2nd. No tooth, or, so far as is at present known, other trace of Machairodus 
lahdem^m been met with since tlio lust Report was draAvn up. In short, the 
only evidence of the presence in the Cavern of this extinct species of Mammal 
winch the Committoo hu\e detected during the continuous laJionr of almost 
twelve jears, is the one solitary, but well-marked, incisor found 29tb July, 
1872—a fatt well calculated to inipross one with the unsatisfactory nature 
of merely negative ovuliMice It cannot be doubted that hud this compara¬ 
tively small specimen beea overlooked, the palteontologists who, pnor to its 
discover}, were scepfeicul ros]K‘etuig the occurrence of Maclunrodiis in Kent's 
Hole, as stated hy Mr MacEuery, would have lioliovod theur scepticism to be 
strongly confirmed b} the labours of )’our Committee, whilst the number of 
their followeis would have been greatly inoieased 

3rd As has been already stated, the CommiiU'c commenced the exploration 
of the Labyrinth on 28th October, 1875, and from that time to illst August, 
1876 (a period of upwards of ten months), they weie occupied in it and in 
Matthews's Passage, both of uhich they complekdy explored, yet, dunng all 
that time, and in those two important braruhoa of the Cavern, they found no 
trace whatever of prehistoric man Had your Committee, on receiving thoir 
appointment from the British Association in 1804, commenced their researches 
in either of the branches lust named (and such a course was by no means 
without its advocates), instead of beginning at the external mouth of the 
Cavern and proceeding thcnco steadily through the successive chambers and 
galleries, there can be little or no doubt that Kent’s Hole would have been 
pronounced to be utteily destitute of any evidence on the question of Human 
Antiquity, and but poorly furnished with the remains of extinct Mammalia. 
The work would probably have been closed without going further, to the 
great loss of Antliropology and Palaeontology, as well os of popular education 
in these important branches of scionee. 


Report of the Committee, consisting of Prof Sylvester^ Prof. 
Cayley, Prof. Hirst, Rev, Prof. Bartholomew Prick, Prof H. J. 
S Smith, Dr. Sfottiswoodb, Mr R. B. Hayward, Dr. Salmon, 
Rev, Prof, R. Townsend, Prof. Fuller, Prof Kklland, Mr. J. M. 
Wilson, Prof. Henrici, Mr. J.W. L.Glaisher, andVvot Clifford, 
amointed for the purpose of considering the possihihty of Improving 
the Methods of Instruction m Elementary Geometry, and reappoxnXed 
to consider the Syllabus drawn up by the Association for the Im» 
provement of Geometrical Teaching, and to report thereon, Draum 
up by Mr. Hayward. 

Ik ft previoDB Report (Report for 1873, p. 459) the Committee recognized the 
fact tJiftt the nuun practical difficulty in effecting an improvement m the 
existing methods of teaching elementary geometry is that of reconciling the 
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claims of the teacher to greater freedom with tlie necessity of one fixed and 
definite standard for examination pnr|K)aes They also expressed their con¬ 
viction that “no text-book that has yet been protluced is fit to succeed Euclid 
m the position of authority," and that m tho absence of such a text-book, 
whether the existence of a standard authority in tho future such us Euclid 
has boon in tho past be regarded as desirable or not, it is important to secure 
“ tho roquiBito degree of uniformity and no more by tho publiration of an 
authon/ed fS}^llftbuB” ot propositions m a definite sequence, which should be 
regarded as a standard soquonco for examination purposes, and subject to 
which alone any amount of variety in demonstration and general treatment 
of the subject should be admissible 

As it was understood that the Association for tho Improvement of Oeo- 
mctncal Teaching was engaged m tho task of drawing uji such a Sjllabus, no 
further a( tion was token by the Coramiltce until tho prestuit year, when, tho 
Syllabus having been completed and published, they have proceedefl to con¬ 
sider tho same lu accordance with the instructions contained in tho resolution 
reajipointing tlio Committee 

The Committee have not considoiod it to their duty to examine tho 
Syllabus m minute iletail, but rather to report on its general character and 
its fitness as a basis for au authorized standard sequtmeo of propositions 

The Committee have no hesitation in stating at tlie outset, as the result of 
their consideration of tho Sjllabus as a whole, that it appears to have been 
drawn up with such care, and with such regard to the esaential conditions of 
the problem, as to render it highly diBirable that it should bo considered in 
detail by authorized represcntotives of tho Universities and the other groat 
examining bodies of tho United Kingdom with a view to its adoption, subject 
to any modifications i^hich such detailed consideration may show to bo 
necessary, aa the standard for o\aminatiou8 m Elementary Geometry. 

It may bo well to observe that tho adoption of this or some sucli standard 
Syllabus would not necessitate the abandonment of the ‘Elements of Euchd' 
as a text-book by such tenchers as btdl preferred it to any other, as it would 
at the utmost involve only such supplomentor) ti aching as is contained in 
the notes ajipendod to many of the editions of Euclid now m use; while it 
would greatly relievo that largo and increasing body of teachers, who demand 
greater freedom in tho treatment of geometry than under existing conditions 
they can venture to adopt. 

Having thus expressed their opinion of tho general merits of the S} llabus 
as a whole, the Commitice ha\o only further to add a few remarks on its 
more important features, which may serve to call attention to those points in 
which it differs from Euclid, and which give it a claim on the consideration 
of all who are interested in the improvement of jnsi ruction in Geometry. 

1. Qeometneal CoyistrucUons, 

It has been found, m tho expen once of many who have taught Geometrj' to 
young beginners, that tho Attainment of a firm grasp of its fundamental con¬ 
ceptions and methods is much facilitated by a series of exorcises in con¬ 
structions made with tho ruler and compasses, such exercises being given 
either as preliminary to, or simultaneously with, tho study of tho earlier parts 
of Theoretical Geometry, A judicious selection of such exerdses is prefixed 
to tlio Syllabus, and the Committee remark with approval that here, as well 
as in the Postulates of Book I., the use of the compasses for direct transference 
of distances is formally admitted. 
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2 Logical Tntroducti&a 

The Syllabus is further prefaced with an introduction, m which are collected 
together and formulatod the most important logical relations of tht several 
propositions logically associated with a given proposition,namely ittj converBCy its 
obverse (sometimes called its opposite)^ and its conitapositive It is distinctly 
stated, in a note prefixed to this introduction, that it is not intended that a 
study of the abstract logical lelahons contained in it should pi emit the study 
of Geometry, but that tho introduction should bo reftrred to from time to 
time ns instances ot the applications of its principles arise, until the student 
obtains such a grasp of the pnncipks and rules as to bo able to apply them 
without difficulty Witli tins undt rstandmg tho Committee regard the pio- 
posod logical introduction as a valuable feature of tho Syllabus 

3 Separation of rheotems and Problems—Loci 

Throughout the Syllabus, tho Problems, instead of being interspersed among 
tho Theorems, are coUoctod together in separate sections at tho end of each 
Book This may bo regarded oh erpiivalout to tlie assertion of the principle 
that, while Problems nro from their viry nature dependent for the form, and 
even the possibility, of their solution on tho arbitrary hmiiatiori ot tho instru¬ 
ments allowed to be used, rheoiems being truths involving no orbitriry 
element ought to be oxhibiltd in a form and Bequonce independent of such 
limitations In other words, construefions may bo rightly assumed in tho 
demonstrations of thoortms, whether or not the^ have been shown previously 
to be capable of being ctfoctod by ruler and compasses, provided only thoy 
can be seen from the nature of tho cas(, or bo proved, to bo jiossiblo For 
instancG, tho existence of the third part of an angle being regarded as 
axiomat\c, the impossibility of tnsecbng an angle with nilor and compasses 
only ought to form no obstacle to the proof of a theorem for which the tnseo- 
tion of an angle is required It should be romemborod that tho acceptance 
of tho principle hero assorted by no means necessitates in teachimf that separa¬ 
tion of 1 heoroms from Problems wluch seems desirable in a syllabus It is 
probable that most teachers would prefer to introduce problems, not as a 
separate section of geometry, but rather in connexion with tho theorems with 
which they are essentially ielated Tho Syllabus in this respect leaves com¬ 
plete freedom to tho toacher 

The early introduction of the notion of a Locus and its use m tho solution 
of problems by tho intcraoction of Loci the Committee regard with favour, nnd 
they observe with satisfaction that the Syllabus rightly insists on tho demon¬ 
stration of tufo theorems (a theorem, and either its converse or its obverse) os 
necessary for the complete establishment of a locus, a point which is too often 
neglected m the investigation of loci. 

« 

4 Book I The Straighi Line 

Tho Definitions are substantially those of Euclid An attempt to givo a 
real definition of a straight line (Euclid s is only vorbal) is to bo ooramondtd, 
though the wording is difficult, and would for a beginner require detailed 
and familiar explanation. 

The definition of an angle is another of the elementary difflcnlties of Geo¬ 
metry. The Syllabus In a note asserts that an angle is a simple concept in¬ 
capable of definttwn^ properly so called,” but enters into a somewhat detailed 
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explanation in ivluch the notion of rotation is freely but judiciously used The 
Syllabus does not (like Euclid) limit the notion of an angle to one less than 
two right angles, but it does not explicitly recognize an angle greater than 
four right angles. Possibly, considering the difficulties of expression which 
the comploto notion of an angle of unlimited magnitude involves, this limita¬ 
tion at tho outset IS wise. Tlio Committee note with approval the use of the 
term coujugatf for tho two angles which, being contain^ by the samo pair of 
lines drawn from a point, together make up four right angles. 

They also appr(»vo the introduction of tho term “ identicalh/ equal ” for 
figures which, diffcnng only in resjiect of position, can be made to coincide 
with one another, while tho term “equor^ is reserved for such as arc equal 
in area, but not necessarily in other respects. 

The SyllnbuH divides the Axioms (as, indeed, Euclid did) into (lenoral 
Axioms (Euclid s Jtouai h I'oi'ti), whuh find their fitting place in the Logical 
Introduction, and specially Oeomotncal Axioms (Euclid’s oir»)/iara), which 
are noaily those of Euclid—that about the equality of right angles being 
omitted, while that asserting that “two straight lines cannot cucloso a space” 
is extended so as to assert coincidenco beyond as well as botwoon tho two 
points which coincide 

Tho Postulates arc thoso of Euclid's ‘Elements/ with a modification in the 
third postulate, which admits of the direct transference of distances by the 
compasses, as before remarked. 

Tho Thooreins of Book I arc mainly thoso of Euclid I 1-34, rearranged, 
Tho guiding principle of tho rearrangement appears to have been the nearness 
or remoteness of tho theorems from the possibility of proof tho direct appli¬ 
cation of tho fundamental principle of superposition, tho free use ot this 
principle being indicated os desiiablo m many cases whore Euclid prefers to 
keep It out of sight. 

Tho discussion of tho cases of identical equality of two tnauglos is rendered 
complete by the introduction of a theorem asserting the true conclusion from 
tho equality of two sides and a non-includod angle in each, namely, that the 
other non-includod angles are either equal or supplomontury, and that m tho 
former case only arc tho tnongles identically equal 

For tho treatment of Paiallcla, Playfair’s Axiom that “Two straight lines 
that intersect one another cannot both bo parallel to the same straight hno,” 
has boon substituted for Euclid’s twelfth Axiom, and, in tho opinion of the 
Committee, ludiciously It may, in fact, bo regarded as merely an improved 
form of that axiom 


5 Book II. Areas. 

This book contains in thirteen Thoorems tho vanous theorems contained in 
Euchd between I 35 and tho end of BookIL Beyond noting the fact that it 
brings together more completely than in Euclid thoso theorems which are 
naturally related to one another, no comment is necessary which is not of the 
nature of that detailed entreism which tho Committee do not think it their 
duty to offer 


6. Book III. The Circle. 

In this Book tho sequence of Tkeorems differs matenally from that of 
Euclid, those propositions being placed first which aro fhndamental in tho 
sense that they follow directly from superposition. Other cnticisms which 
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might be offered on this part of tho Syllabus are chiefly on points of detail on 
■which tho Committee think it unnoccBsnry here to enter 

Ihey would remark, however, with respect to tho two modes of treatment 
of tangents in tho byllahus, that they would not recommend the second 
(depending on the notion of limits) in any case as a sithBiiinU for the first, 
however desirable it may be that it should bo freelj used by way of illustra¬ 
tion and as leading up to tho methods of Higher Goometrv 

7 Books IV and V Ratio and Propoiiiotif and their appifitation to Geometry 

A theory of Proportion which shall he at once perfect !y rigorous and com¬ 
plete 18 mcossarily difficult The Committee roooguiiCo with satisfaction that 
the byllabus does not attempt to attain simjdicity by any sacrifice of ngour, 
nor in Book IV b) any sacnhcG of compute ness In Book IV the theory is 
essentially that of Euchd m his famous, though (at tho jirosent day) little 
studied, lifth Book it is suggested, howeier, by an unusually full indication 
in this p irt of the Syllabus of the forms of demonstr ition recommended, that 
hi*? theory may bo presented in a form more easy to be grasped and applied 
by the adoption of the late Prof de Moigans notation, in which magnitudes 
are denoted by capital letters, instead of straight lines and their multiples 
by prefixing t^ the capitals small letters denoting integral numbers instead 
of denoting them by longer lines Opinions will probably differ as to tho 
wisdom of returning Euclid^s tnatment in any shape*, but tho Committee 
doubt whether any rival thcoiy, which is etpialh/ njorom and equally com^ 
pUte, w ould be more generally accepted 

It may, however, bo thought that this complete theory is one which the 
ordinary student can hardly be ixpccted to master it au early stage of his 
maihomaticul studies, even though he may be well prepared for the study of the 
geonictncal applications of the theory of Proportion At tho same time it is 
undesirablo that tho study of Similarity of Tigures &c should bo commenced 
without some dehnitc groundwoik of demonstiuted properties of Batios and 
Proportions llie Syllabus suggests a mode of meeting this difficulty by pre¬ 
fixing tt) Book V an indication of a method of treatment of tho general 
doctrine of proportion, in which greater simplicity is obtained, not by the 
saenfleo of ngour, but by a certain saenfieo of completeness, in limiting tho 
magnitudes considered to such as are commemsurabJ^ 

The notion of Batio may be regarded as on extension and generalization of 
tho notion of quaniuplitHijf the simplest expression of which is contained in 
the question “How many times docs a magnitude A contain another magni¬ 
tude B ? ” This question may bo generalized so as to apply to any pair of 
commensurahle magnitudes m two wavs—tho question taking the shape either 
“ How many times does A contain some aliquot part of B ? ” or else “ What 
multiples of A and B are ecjual to one another ?" Ihe former leads to a 
treatment of proportion such as is usually given with more or lees exactness 
in treatises on Arithmetic or Algebra, while tho latter leads to a treatment 
similar in principle to Euchd^s, but simplified by ita limitation to eommensu- 
rablee The Syllabus indicates a few of the more important general properties 
of proportion which ought to bo proved by one or other of those Tneihods, but 
leaves it oi>en to Ube teacher to adopt whiche\er mode of treatment he may 
prefer 

^ In the Geometneal Applications of Proportion the Syllabus groups together 

* Prof Cayley ii itrongly of opinion that it ought to be retained 
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all the theorems which directly depend on the definition of proportion, indi¬ 
cating that the demonstrations are to be adapted to the complete or to the 
partial theory according as tho one or other has been studied. After these 
follow tho usual standard theorems on Similar Figures, &c., on which it is un- 
nocessary for the Committee to offer any comment. 

The Association for the Improvement of Ueomotneal Teaching has not yet 
pubbshed any Syllabus of Solid Geometry Should tho present Syllabus of 
Plane Geometry bo successful in leading to the establishment of a standard 
sequence of propositions in that subject, it is to he hoped that tho Association 
will continue its labours in tho field of Solid Geometry, where the Committoo 
bebe\o they are equally needed 


Remits of a Comparison of the British-Association Units of Electrical 
Resistance By C Ciir^btal «nr/ S A Saunder*, 

[A coininuTUoation ordered by tho General Committee to be pnnted in exfenso 
among the KtqNirts ] 

Difficulties encountc)ed —Tho difficulties of tho kind of measurement wo 
had to make are confined almost entirely to the toniiierature dotorminations. 
Wore it not for those a much higher degree of accuracy could bo attained; 
for while resistances comparable with the B.A unit cun be measured with¬ 
out difficulty to tho l()(),0()0th part, it is very difficult to determine tho tempe¬ 
rature of a wire imbedded m paraffin, as arc tho wires of the standaids, 
nearer than tho one tenth of a degree Centigrade, an error to which extent 
entails m some of the cods an error of *03 per cent, of resistance. 

A mere comparison of the cods at tho tomjioratureB given on page 483 of 
the B.A. Report on Eloctneal Standards (1807)t would hardly have been satis¬ 
factory, since it would have given no chock on tho accuracy of the obser\ a- 
tions and afforded no information os to the temporaturo vfidue of a variation 
in resistance, and conversely, 

Ol^ect aimed at —Tho object aimed at in tho exponmonts was to get the 
differences botwoon tho resistances of tho sevoral coils at some standard 
temperature, and also the coofficionts of ^anatlon of resistance with tempe¬ 
rature m the neighbourhood of tho standard temperature. 

That it 18 inadmissible to apply to any given cod the vanati on-coefficient 
for its supposed material, as found by Matthiesaon and others from experi¬ 
ments on naked wires, is abundantly evident This appears very strikingly 
in the case of coils Nos 2 and 3 (A and B in our subsequent numbering), and 
an examinabon of the results of Lenz, Arndtsen, Siemens, and cithers for 
platinum shows that within certain limits its behaviour is very uncertain. 
This arises no doubt from ttie presence of more or loss indium or other 
platinoids, a small admixture of which, without oltenng the value of platinum 
commercially, affects its electric resistance very considerably 

^ In the ■pnng of last year a series of experiments was made by one of tho authors 
(Q-. Ohrystal) with a view of comparing tho different renntanceMXiilB of the let of Bntieh* 
Afsociation units formerly deposited at Kew Obsawatory and now m tho Oarendisb 
lAbomSory at Oambndm In tho month of October a final set of experiments was made, 
which was the work of both of us, sometimes working together and aometinies separately. 

t OrReprlnt,p 146 . 
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Preliminary la.^n^'nincnts — llio preliminary oxjiciimentB gave the diflcr- 
enocft between the coils and the vanatxon-coofficioiits a]>proxiinatcly 

The results appeared m some ca^es ditfcront from lormor nicaHurcments, 
so that it wan thought better not to ndv on tliese, but to make a more careful 
set of expenmeuts on which to found the final comparison. 

of “ Flat fbt/” and Middle Cui/'*—-The variation- 
coefficient ol the “Plat (k)il’’ was taken liom the preliiiiinarj cxpenmeniH 
This was given by a fairl} good pones ot oxperimciitH, and a first iippioxi- 
inaiion was coiiHidered suffit^ient, mik e tlio coil duiing the final expi'iiinejiUs 
never vaiied in tompeiature more tluin tvvo degrees, being always bathed ui 
the tap-water A similar k murk applies to the middle coils The toils used 
for middle coils w'cre and 4i (F and (1) when neither ot these was being 
ineasuH'd, in wlucli case and 3 (A and 15) were used The coefiinonlH of 
tht'He coils, so far as nspiucd ior small tempeiature-ct)rre(.tioiis, wtit* taken 
from tli(' prehnniiaiy exptTimeiits. 

Method of fijnt iinetUnnf —-The method used in (ho final expenrticnls was 
as lollovvH —■ 

F’nitt All the coils (the flat coil, tho two middle e<)ils, and Ihe coil to he 
compared with Iho flat coil) wen* hnthod in a sIksliu ot tap-wMter, tlie tem¬ 
poral uro of which was carefuliv t ikon by means ot a Casella’s theimometei 
(lent us bj Mr (Jordon), reading to tentlis of a degree (Viitigiadc* and easily 
o«timablo to hundiedths After the t<*mperaiur(‘ of the stream Imd been t on* 
stant for twenty minutes or so, tho difleiom between the cod to be compared 
and the flat coil w as found 

iSeiondlif Another senes of experiments was luadt* in which the llat coil 
and the middle unis were kc])t ut the lempeialure ot tlie tap as before, but 
tho romaining coil was laised by earotul nursing, whidi lasUsl two liours or 
more, to tho temperature (oi to ono of tho tempoiatuios) at which, ac¬ 
cording to tho 15 \ llojM)rt, it is coricit 

Lasilij, Tho cods were compared with oath other at the standaid tompora- 
furOB, tho middle coils being kept at the tempcratuio of the ta])-wmtcr. 

Vanat ion-cotjfickcnt^^ how found —Tlie fiiut two sets wore used to give tho 
^anation-coeffii-ioiits, being peoulmrly fitted to do so, because in tliem the 
tempcrntvire ot the flat cod did not alter much m comparison with the altera¬ 
tion in the cod compaiod with it 

Differences hetivien the loi/s, hm found —Then using tho low-teinperaturo 
experiments Iho diffeiences of resiblanco between tho respective cods and the 
flat coil (all at 10"^ V ) were found 

Cont}ol eajternmnts^ how used ,—From this, of course, the differenco 
between any two cods at any temperatures could bo c.deulatod Tins was 
done for tho old standard torajier.iturcs, mid tho results compared with tho 
results of direct oxponment obtained from our third set <yf exponmenta 
This gave a 10*41 of the accuracy of our woik , and it is on this mainly that 
wo rely In elainnng to have stated the h'mporaturos .it wduch the cods uro 
equal within 0*^ 1 C m all cases. 

Deyree of uicuracy —Tho degree of accuracy of resistance vanoa, of course, 
for the different coils For the platinum units 0° 1 C coiresponds to a 
vanation of *03 per cent, icsistance, for the platinum-silvcr to about *002 
jwr cent. 

In the B.A, Report, 1865 (p. 303)*, all the cods are stated to bo accurate at 
toraporatures indicated within 01 per cent. This correspomls to about 
thirtieth of a degree Centigrade for the platinum units. It is not stated 
^ Reprint, p 137 
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bow this degree of accuracy was attained. Some such statement was per¬ 
haps necessary, considering the difficulty of controlling the temperature of on 
inaooeseible wire, even within 1° Centigrade 
Arrangement of apparatus ,—The instruments used in these experiments 

for resistance measurements were theWheatstone’s bridge and Thomson's gal¬ 
vanometer belonging to the Association The arrangements in the low-tompe- 
rature experiments wore as in the annexed figure At one corner of a large 



table is the bridge A B (sec B A. Eeport, 1864, p. 863*) , by means of mercury- 
cups at D and G, are inserted the flat coil and the coil being compared with it. 
at E and F are similarly inserted the middle coils, which were always two of 
the units, as small and as nearly equal in temperature-vanation as possible. 
X, Y, Z are three earthenware jars in which the coils are placed; these stand in 
a trough, V W, provided with a waste-pipo going to the siuk. The jars were 
kept constantly overflowing by means of a foed-pipo fitted with an oflfsetfor 
each. The temperature in all three jars was carefully observed, and it was 
found that after the tap had been turned on for fifteen minutes or so the 
temperature in all three in general became constant, and remained so within 
a tenth of a degree for a long time. Now and then irregularities oocurred, 
which caused the rejection of the results concerned Thin wires go ftem E 
and from the oontaot-hlook C to the galvanometer at the other end of the 
table. The last adjustments of the balance were made by observing the 
spot on the g^vanometer-soale with the telescope from where the ob¬ 
server Bits. The battery-oiremt terminates at H and J, and is made and 
brokipti by means of a treadlp worked by the observer’s foot. A small 
I^olanchus cell was found sufficient to indicate a deviation from balance 
of a tenth of a millimetre on the brid^-scede. Since the contact of ttie 
block^pieoe could not be relied on within loss than this, no higher battery- 
poirer was ever used. 

TKurjwUetrU dxstuf^nees ,—To avoid tliennoeleotrio currents, owing to 
the junction of oonper with brass at the blo^ the button of the blook-pieoe 
was nei^ trachea by the fingers, but always by means of two pieces of 
whiehl^ arare ecufiiraged now and again to prevent heating. It waa 

* Eeprint, p UO. 
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found impossible to avoid this disturbance altogether ^ and accordingly tho 
following mode of procedure was adopted — 

Direct nuigneUc distu) hanccs —We first carefully investigated whether 
there was any direct magnetic effect on the galvanometer owing to the 
currents in the apparatus; this was done by simply short-circuiting the 
galvanometer No such offeot could be detected Being assured of this, we 
always operated as follows —Throw in the galvanometer by pressing down the 
button, theu allowed the needle to come to rest with the small permanent 
deflection duo to the thormoelectnc current If now, on pressing down tho 
treadle for an instant, there was no motion of the spot, wo concluded that 
there Mas a balance It is to bo noticed that since wo are near balance 
the battiTy-circuit is conjugate to the galvanometer-circuit, and that, there¬ 
fore, making oi breaking the baltory-circmt does not alter the effective resis¬ 
tance opposed to any elortromotivo lorce, thermoelectno or other, in the 
galvanometer-cmuit (Of this we also assured ourselves by direct experi¬ 
ment) Another advantage of this method i« that it ensures the least 
posaiblo use of tho battery, and thus avoids disturbancos from heating 
During our final expenmonts both of us had acquired by considerable prac¬ 
tice an acqunintancG with tho mdications of tho galvanometer, which enabled 
us to adjU'it tho balance (juickly, and thus secure iii greater measure the 
advantage abov'o mentifjned 

Self- and mntual nulnciion —It is also woi’th remarking that from tho 
way the BA unit coils ure wound, and from the general arrangement of 
the apparatus, ueitlior self- nor mutual induction could have any sensible 
disturbing effects in our expenmonts *. 

Method of vsmt) bridge f{^ finding coefficients of variation —In finding tho 
variation-coefficients of the coils tho bridge arrangement was used in tho waj 
desenbed in the llot>ort on Electrical Standards, 1804 (p Ji53, 6ic ); but in 
finding tho difference between tho resistances of two coils, tho method de¬ 
scribed by Prof. Foster (m tho Journal of the Society of Telegraph Engineers, 
October 1874) was used In this method the bridge is first rood with the 
normal coil and the coil to bo compared with it in one position, and then 
the coils are interchanged , tho difference of the bndge-readmgs gives the 
required difference of resistance m units of the bridge. 

lindpe-units —Tho unit in which we shall state our results furiheT on is 
the resistance of a tenth of a milhraetre of tho hndge-wire, which is a metre 
long and has a resistance of about 075 ohm. 

CahbraHon of bridge and ihemumeter, —The wire was carefully calibrated, 
but DO errors were found loj^ge enough to affect our results 

The thermometer used was also compared with a standard theraometer 
belonging to the laboratory, and the corrected temperatures are in eveiy 
case given. The degree of accuracy attained in this last oompariflon was pro¬ 
bably about ‘05 Centigrade 

Description of coiU tn the case, —In the case containing the coils there 
are altogether fourteen coils. Five of these are multiples of the unit, vis, 
2, 3, 5, 8, and 10, and have brass labels on them , but the inscriptions have 
never been completed by filling in the last two figures of the temperature at 
wMot\ they are equal to the standard. We have not been able to get any 
de8on|)|tion of these whatever,. and have therefore not measured them. 
^ ^des these there accompany the box two ooils marked A and B, which 
are not ^nnits, and a fiat coil described as a normal coil, besides a set of 

* Anothkjr preosution of Ism unportsooe wm to oovsr thepUtmumdridium wire of the 
bridge with of wood to sereen it from duet and radiation from the body of ths 

obeerver. 
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tubes for meroury units. Tiie flat oail we usol and found voi’y conveniont, 
both from iti shapo and on account of its smilL variatioa-coefflciont, 
which W .13 only per dOp? (’out in tiio abovo-montiouod units 
The case contains altogether nine unit coils, \i/ — 


2 rt fr 
2 All Ag 
2 Vi 
H rt \g 


Nos 


2 and 3. 

57 and 
35 and 30* 

C, 43, and 29. 


Of the first six, all evcopt 57, whic)i wo hive not nuMsurcd, are moutinned at 
p. 14B of the lleporU, but none of the-n have jiniper labels. All, however, 
weie marked in some way or other so as to be idonliliible. Of the 1 ist three 
all have labels, which are complete m (} and 43 Nos 0 and 29 do not 
appear in tho lleports The toin[»pratiiio on 13, which dcKJs appear, agpecs 
with that given on p 14fl We used 29 as a companion middle coil to 43, 
bociiuso its vanatum-t oefllcieiit was small and nearly equal to that of 43, 
but otherwise we have not bestowed much care on it 

Coih measured -Tlio coiLs which wo have measured are, therefore, 2, 3, 
58,35, 33, 29, 4h These wo call for conveiiKMiLe A, li, 0, 1), K, F, G. 
Tho normal coil Va the flat coil .vt UP CVnligrade. This tomperaturo is 
chosen because it was the lower hunt of tho teiupcraturo of tho tap-wator, 
which varied ou difterciit days fiom 10° (o l2^ though it was very constant 
during a good part of any one day. As far as our OKpeuenee went, tlic use 
of a stream of tap-water was tho best as 'uoll us most oonvomont way of 
reducing the coils to a known temperaturo 

Mesu^ts of com/mnson tin first blntemint —The following Table exhibits our 
results in tho way which lies noorest tho method by which they w'ore ob¬ 
tained :— 


11 stands for resistance of flat coil at JCP C 
X „ ,, of tho lespcctive cods A, B, &c at KPC 

\ „ vanation-eoeflicients 


Cod. 

X. 

No of roHiilta 
ol^^hKUmeftll 

Gnrtlcst doM- 
iit ion (rom 
mean 

R-X 

No of reaull-4 
u] which moon 

GpoaUst do\i- 
ation Imm 
mean 

Flat ooil 

34 


1 



A 

107 

5 

4 „ 807 

6 

M) 

B : 

200 

3 1 

2 fill 

3 

1 3 

^ i 

ir^ 

6 I 

0 

159 

^ : 

2 


401 

10 

fl 

2t>7l 

rt 

1 24 

B 

393 

3 

4 

19.H 

3 

8 

F 

28 

1 


-82 

1 


G 

36 

1 

! 4 

3 

-r.7 

__ 

2 

0 


Second statement —The above is the most convenient form of represeutmg 
our roaulta, but for the sake of comparison we give also the following (Y 
now stands for the resistance of the coils A, B, C, &e., at the temperatures, 
or at some one of tliem, given at p. 483, B A. 18671):— 

Qasof u«, in i^ndeATonring to find the oondnctirhy of paraffin, ban unoe found that 
the tonmniture of a wire imbedded in a much greater tluclmMs of paraffin than there u 
in tho B.A oenU, roaches the temperature of the tap-water in oonsiderahly less than an 
hour, the paraffin-jaeket having been at a temperature of about 30° throu^oot to start 
with. t Bopnnt, p. 140. 
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Coil. 

Tamp ui Beport 

B-Y 

A 

l«o 

-315 

B 

15 8 

-3^9 

c 

15 3 

-344 

n 

157 

-215 

K 

15 7 

-2h(i 

K 

G 

1 

15 2 

-239 


It will thus be seen that B and C are practically equal at the temperatures 
giren, while A does not differ very much from these, D and K are not very 
different inter se, but differ somewhat from the first three, while G, cou- 
eidenng its urn all coefficient, la conaiderably out 

Statement of standard tempei'niures -—It wo consider B and C to be right 
at the tem^ieratures given above and reduce the others ao us to be equal 
to them, wo should get the following Table of atandanl teinperuttirea — 


Coil I Staiidanl temp 


A 

B 

O 

T) 

K 

F 

a 


o 

ini 
lf>8 
15 3 

tn-0 

15H 
19 4 
18 2 


Mesulis of control eA'^periments —In the next place we give the results of 
our control expenmenta, in which the several coils were nursed to tempera¬ 
tures very near those given in the Beport, and then compared with each 
other. Tho bmall doiationa from the temperatures in the Beport arise from 
theimometer corrections The differences thus found are given side by side 
with those calculated from the data given above , the differences are given 
in the next column, and in the last tho greatest possible difference, owing to 
an error of 0° 1 C, m temperature detenmnaiion. 


Coih 

Temp 


Calculated 

i . 
i 

ZU 

Difference, 

Maximum 

Difference 

A 

iSsf) 

B-A 

S4 

20 

+ 14 

40 

B 


C-A 

42 

10 

+23 

29 

0 

15 20 

B-O 



-10 

29 

D 

15 59 

C-B 

103 

180 

-17 

49 

B 

15 49 

' 0-B 

132 

119 

+ 13 

48 

F 

1345 

K-B 

31 

70 

-39 

79 

G 

1611 

C-G 

lOO 

102 

- 2 

13 



G-D 

68 

43 

+20 - 

44 



0-G 

100 

103 

- 3 

13 



0-F 

156 

UO 

+ 6 

12 



0-P 

60 

50 

+ 6 

6 , 


It Appeiirs, therefore, that the differences between the observed and calou- 
Utad vfuuef «ure always less than what would anse in the most unfkTouia])ld 
eaae, owing to an error of 0°*1 C, in the temperature determinations. 
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Boujh comparison of coefficunts with MatUuessen^s —It is ptrhapj worth 
while to give the tollowmg rough compunson between the results tor the 
i anatiou ooefllcients which we have obtaiaod lu the noighbourhood of 10*^ C 
with the mean results of Mutthiessen 



I or CO U in 
por C 

reaso 

M ttl 

Pt Ir 

1 U 

0 ) 

Au A„ 

071 

(Ka 

Pt 



Pb Ag 

\ (U f 

0^1 


There is no Ktrikuig ditfcrcuce Lxeept in the case ot l*t Ir where the 
alloy of which the coil is made must ipjrovh iiuich nearer u pure metal 
than Matthioeseri s alloy (13 1 per otrit iriiium) hd 

Ihserepawuj in Coil G i tth formei me e i The only other point to 
which we have to call attention is the <liMciO|aney bitwcon h imcr and 
present measurements m the coil G, whoso resistance sceim to have gone 
down since it was lost tested 

In conclusion wo venture to suggest-two altcrationa in the construction of 
standard coils which, is far as our experience goes would bo impiovcnients 
hirst to make them flat instead ot cylinclncil Ihis would tacibtute 
etimng when the coils art immersed m nn} li<{uid 

Secondlt^f to insert as neai the wire as possible a properly insulated junction 
of a thermoelectric couple the other lunctiuu ot which should be fastened on 
the outer case of the coil &^eveTal of these fitted to each coil would do away 
with 0 great deal of the trouble and uncertainty attending the tomporaturo 
dotorminations required m corapanng and copying standards 


Third Report of a Committee, consisting of Frol: A S Hkhschel^ 
B A.,¥R , and G A Lbbour^ FG S , on Experiments to 

determine the Thermal tonductimhes of certain Rocks^^ showing 
especially the Geological Aspects of the Investigation^ 

Th* object originally proposed by the Committee was to arrange and classify 
the most commonly occurring rocks experimentally according to their poweia 
of conduoUng heat, and it has hitherto been so £m successfully attaint that 
the thermal condnotxMties of an extensive senes of ordinanly occumng rocks 
have been shown to differ frobi each other cm a very strongly marked scale of 
gradation, which it was endeavoured to represent graphically in the Com¬ 
mittee's last Report by a senes of asocnding steps oi absolute thermal resist¬ 
ance, or resutanoe to the passage of heat offer^ by the different rooks To 
every 200 units of this ascending scale u now letter of the alphabet, starbng 
with A for the interval 0-200 of absolute resistance, was assigned, the values 
of the rmdsUnoes wore shown graphically, and the various rocks that arrange 
theniMlves under the several classes so ionaed could be readily discerned. 
By adopting thu graphical mode of reprewntahon the values of oerUai 



20 


EEPORT— 1876. 


thermal resutancos observod dunag the past vtar and commuiiioated in this 
Keport may bo exhibited with equal oloarntws, and an easy companson may 
by this moans be made of the values tound in this and lost jour’s soiies of 
expenments whtro the simo ro k-spLCiincna, or spLcimtus of very closely 
alhed kinds of rock, were submilLtd lu the toiiucr and in this years senes 
to examination A shg^ht chinp^t, however is here mtiodu(icd in bnotiy 
describing the results obtained iiunuric ill), bj emjdoying, instead of the sig¬ 
nificant hgures oi thm rcaoltH (us \\ is djui lu the last Itepoit), the tenth 
port of them as u butt txprcssuu Iji Iht abHoUite thermal eniduftiiit) 
Thus the absolute therm il eondiutuit) oi gait nu in tlie pit sent list being 
0 00705 in eeutimetie gtainme second units liitUerto cits nbtd tor brCMt) by 
ita significant hgiues 705 will be spoken oi in this Itoport as 70 to which 
the ineuning may convi nicnll) bo aHucUod that 70 jgiamme degree units ol 
heat per set out! jiass through a plUo of g dona one centimetre thick, having 
an area of one ut/e tutte^ for a tem^ieraturo-ditfoieneo of one degree be¬ 
tween its f ices 

Ihc method of investigation without the u«c of a tUcnuopvlo has hitherto 
proved unsuccessful, no solt material capable oi cfi< cting u close junction 
with the rocks having yet been found of Buffieiciill) constant rc^sisUince to 
afford a useful stinelard of compaiison with them when the rocks aro intro¬ 
duced between its laj era but tbo progress ot (he investigation has shown 
that a simple water-hlm (if it could be pie served from dijing oft with poious 
rocks) oftects a complete junction between them and an) irapennouH eurtace, 
as that of cioutchouc, ugumat which tin y me pressed A bimilar him ot oil, 
it appears from some expenments rocoided in the present h«t, la less effective 
for the purpose and to ensure a constant water-film in which the thin wiios 
of the thermopile could be placed, pieces of well soaked bluddei kept soft in 
water rendered antiseptic with cuibolie acid were laid on the indiu-rubbor 
faces of the boder and cooler, so as to proas the thormopilo-wires against tho 
rock wath a constantly mouit and uiutormly wet surface ihe duration of an 
experiment and the temjioraturo to which they were exposed (usuall) be¬ 
tween 100^ and IJO® 1 ) were never so gnat as to cause tho bladdois to 
approach dryness before tho termination of the experiment The proportion 
of moisturo absorbed by tho locks (when sensibly porous) was ascertained, 
and it was always such a small fraction of that imbibed b) the same rocks 
thoroughl) soaked in vacuo that it probably exorcised a scarcely senflible 
influence on the results Its amount, and that of the full quantity of water 
absorbable by tho porous rocks tesUd, is stated in the hst and from the 
corresponding alteration of the observod conductivity some idea of the pro¬ 
bable correction nooessaiy to be applied for tho prosenoc of moisture in some 
of the porous rocks during tht procths of tho expenmont may bo obtained 

The two chief defects of tbe thermopiles used hitherto had been their 
thickness (making them intrude too fur from the rock surface into the badly 
conduotmg strata with which it is in contact), and the false thermocleotnc 
currents proceeding from irregulanties of material and mternal condition of 
the wires subjected to great varieties ot temperature along their length lo 
dimmish the former source of error, wires less than halt a millimetre (0 40 
miUim , or ^ inch) m ^diameter were used and neatly soldered at the 
junotions , and to counteract os far as possible the remaining evd, they wore 
chosen of the most dissimilar metals (iron and German silver), and twelve 
• |anotions above and twelve below the roek-jdate formed a continuous circuit 
giving a very strong thermoelectno current The whole resistance of the 
<aroait (mdading tbo 20 ohms usually added to bnng its indications con-^ 
venienUy within the scale of a Thomson’s reflecting galvanometer) was 40 
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ohms when the wires were coupled for obsemng a difference of temperature; 
and it was assumed that, with this resistance and with the probable tendency 
of twche wires similarly ciroumslanci'd to neutrali?o each other’s false effects, 
no sensible errors from local disturbances would arise. Tlie instrument was 
Rubmittod to some careful tests, with a result that, at the highest temperatures 
of the oxporiraonts, orroiH in the temperature-differonec amounting to about 
may ha\o bo».n cotnnuUod At tho ordinary toinperatnres of the wires 
botwoon lUU'^ and F it was found, by substituting a honied iron disk 

(coated on tho faces m ith thin pnpor) lu the plufo of a rock-plate, so as to 
heat both sets ot wii'cs equally, that the onl^ pennunont deviations produced 
as the plate sunk \er} slowly in temperature also sunk gradually with it from 
an oqunaloiit value of aboiil to about upon the scale As the correct¬ 
ness of tho small tenipcratino-differcnces (of 6' and upwards) l 5 ing usually 
between tho abo> o two If mpcralure^ was thus fairly checked, and for exception¬ 
ally higher diflerenccs and t<'Tnpcriiture8 the conditions could not easily be more 
exactly assimilated to those of tho actual espenments so ns to control and 
estimate them, tho cftects of these small eirors have not been further regarded 
m the calculations , but in order to avoid changes of \aluo in the divisions of 
the scale, and to on aide tho actual temperature of each sot of wire-junctions 
to bo directly observed, an arrangement of the thormopilo was made by which 
each set of juuftiona could ho separately combined with a similar set m con¬ 
tinuous circuit with the galvanometer placed in a small rectangular wator- 
bath. Tho latter m made of tin, and, as well as its lid, is well jacketod with 
cork, and provided with an agitator, so that by adding hot or cold water, 
which can be withdraivn below, any teraperaturo of tho water m the bath 
can bo obtained. A simple commutator enables the circuit vnth the galvano¬ 
meter to be closed, either tlirongh the two principal sets of junctions or 
through on .0 of them and through a sot corresponding to it in tho bath; so 
that by changing the tempoiature of tho latter until no current passes through 
the circuit tho actual temperature of ouch rock-face could be observed This 
mode of observation is free from all objections, excepting thoM of false 
currents arising in long wires and plates of the same metal maintained at 
very various temperatures, but with the exception of tho twelve loops of 
German-silver wiro projecting on one side from the rock-plato, tho corre¬ 
sponding loops on the othei si do, and all the rest of the circuits made to tho 
galvanometer, were formed from the same piece of iron wire fieshly annealed. 
The comb-like teeth of tho commutator are pieces of narrow hoop-iron about 
3 inches long, closely set together m wood, and also thoroughly annealed, to 
which the proper terminals of iron wire are soldered at their feet, while tho 
upper ends are filed to chisel-edges; and a small hnnd-rack of iron wedges set 
on wood at proper distances apart, thrust between thorn m different iiosihons, 
completes tho connexion m tho three different orders that are required. The 
additional branch wires used in the arrangement are few, and, as will bo seen 
from the following description, add veiy little to tho total lengths of iron 
wire which conduct tho currents Tho twelve-turn coil of wire m which the 
rock u pressed consists of twelve half-turns or loops of German silver and 
the same number of iron loops. The twelfth loop of German silver {«q 
figure, p. 22) completes the circuit or connexion from the beginning to the 
end of the coil through the medium of tho galvanometer. There are 
thus twelve junctions of dissimilar metals above, and twelve bdow tho rock- 
plate m a closed cirouit with the galvanometer. To produce a new set of 
twelve junctions corresponding to each of these, the loops of German-silver 
wire are all cut through in the middle, and the free ends soldered to twentyw 
four short pieces of iron wire, the junotLons being laid aide by side acroea a 
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Harrow water-tigtt trough forrao^i of three or four rectangular washers of 
caoutobouo laid on a shoot-caoul/chouc floor, upon which the eidos of the root an¬ 
gular tin bath, open at the top nn 1 biltooi, arc prossod down Th^ tin bath is 
5 inches long ((ho wiijac as tho width of tho rot k-socfions), noirly the eamo 
height, and 2 mohes wide , and it is provided with a false Jiottom, through 
tho perforations of which the wafer rcachns (he wires, and is kept agitated 
Above by a thormonieter ])asMing Ibrougb n lon-gitudinal ulit in tho lid and 
attached to a small tin blalo, without n]unng them Tho twenty-four 
extremities of iron win* y>ro](*cting 1 or 2 inches beyond the boKom of tho 
bath aro there soldered to tlie feet ot twenly-fonr t<'cfb of the commutator, 
and tho twelve iron wedges of the hand-rack b'^iug ins(Ttod between the 
points of those teeth, completes the cireuil eonnevion in tho ordiiiar} way for 
observing a difft^rcnoo of tem}ioratiiro between the two pnmipal seta of 
junctions of the thoinuipilo As a proof <»f the trustworlliy attion of the 
instrument, it may bo montioued that when, in t)ie courso of an experiment, 
tho reading of tho galvanomoter with tho tliermopilo thus joined uji was 
being noted, and water of various temperatures from ftO"* F. to 100° F was 
poured into tlic bath vbere the twenty-four supplcinentarj^ lunctions are 
placed and are all inoludod in the circuit, not tho small os t effect was pro¬ 
duced upon tho reading as soon os the water m the bath had by gentle 
agitation become uniform throughout in tompeiatiire Not only aro tho two 
opposing sets of twelve junctions heated in the bath on the average all of 
fixactlj equal force, so as (o balaneo each other, but the faho currents, which 
in such ranges ot temperature must be evoked with Bonsibio intensity if any 
of them should prevail, cither neutralize eacli other exactly or are entirely 
absent, as it appears equally probable to conjeituro, in this portion of tho 
apparatus. As legardw formation of the circuit through one of the principal 
sets of junolions onl}', aefompanic'd by a corresponding set of junctions in the 
bath, Ibis 18 aocomplifebcd as is rejirescnted in the annexed outline sketch, 
where two pairs of junctions only 
(a b, a' b'), above and below the roek- 
plate, aro shown, thin bnofi ropresent- 
mg iron and thick lines (Jonnan-Bilvcr 
wire B IS the bath in which the 
RUpplomentary junctions, ssss', ob¬ 
tained by stJvormg tho loops ofGerman- 
mlver wire, as at ss, aro immersed 
Tho two extreme half-loops and cor¬ 
responding teeth of tho coramutator 
servo to complete the eiicuit with the 
galvanometer; and the arrangement 
lor ever)’ additional severed loop of 
German-silver wire introduced be¬ 
tween them will easily be apprehended 
from the single intermediate one, 8$, 
here shoivn. Tho iron wedgos, w w w, 
of the rack-piece pushed downwards 
between the yielding iron blades of tho 
commutator are shown by black dots, 
fonoing a circuit in the usual manner 
for obtaining a reading of differonoo 
of temp^atore between the junctions 
an\hh'. Each loop or half-turn 
b/'fl') of iron wire is continued post 
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the upper junctions (a^ a') and camod through the bath to a separate tooth of 
the commutator; aud by moving the wedges of the rack-piece together one 
tooth-space to the ipght or loft (as shown in new positions by a x in the 
figure), combinations of junctions m the bath with junctions (aa*} above or 
(66') bel)W the rock-plnte are put into connexion with the galvanometer. 

By tho fiamo mode of Inal us before, a heated iron plato coated with thin 
piper being substitutel in the place of an experimental plate, the tempe- 
ruturoa of its two faces, as exhibited by the thermometer in the bath when 
the commutator was shifted from one of its two supplemontary positions to 
the other, wore sensibly the same as the heated plate slowly cooled, and no 
false difference of temperature arising from false currents differently excited 
m the two circuits thus joined up were found to l>e indicated as a result of 
several au( h dctenninations of tho really equal temperatures of the two faces 
of tho pi ite This mode of ob'terviug the actual temperatures and the 
temperaturo-differoncea of tho rock-faces in tho present senes of experiments 
was therefore constantly emplo\ed, and the values of tho scale-divisions in 
degrees for the other more usual method of employing tho thermopile were 
not determined with spec ml care, although this adjustment of the commutator 
was also used to check and follow the gradual variations of terajicrature- 
difference that wore less spcodily, although more certainly, mcasuied by the 
absolute method ot determination. The only case of failure to observ^e a 
Bonsiblo difference of tempoiature between tlio two sides of an experimental 
plate occurred vvitli uon-pyrites, winch (as well as galena), being a good 
conductor of electricity, it was found necessary to coat with two thicknesses 
of the thinnest tissue-paper on each face, and the apparent difference of 
temperature recorded (which was decidedly less than 1°) may have anscn 
from the resistanoe offered hy tho slight obstructions ot those thin paper 
shoots (soaked with W'ater) to tho jiasaage of tho heat. although certainly very 
groat, no definite value of tho thermal oouductmty of ordinary iron-pyrites 
can therefore bo assigned. It was also nocossmy to use oil junctions instead 
of wet bladders, from the galvanic effects produced by the saturated salt 
solution, when rock-salt was tested , and it appears probable from some 
measurements of quartz with tho same kind of luting that tho conductivity 
of rock-salt thus found is somewhat less than, rather than likely to be in excess 
of, the real thermal conductivity of that substance. As a good assurance that 
when membranea wetted with water wore used to press the thonnopile 
against the rocks the true temperatures of their faces were vefr nearly 
marked, the experiment with iron-jiyritcs may be instanced, os the email 
temperature-difference of less than 1° could not have been observed if tho 
wires were not very nearlj indeed at the same temperature as the two jiaper^ 
covered faces of the pyntes against winch tho> were pressed, and as the 
circumstances of their adjustment in other cases were exactly the same os in 
this instance, it may be aaemnod that the method of pressing the thermopile 
against the roeka with wet bladders ado|>ied in tho present senes of expen- 
meats exhibited the true temperature-difference of the faces, end afforded 
correct values of the thennal conductivities The pressure was apphed by 
means of sti-ong spiral springs (mstoed of tho weights desenbed in the lost 
Beport), whose extensions in a graduated tube indicated tho pressures whldb 
they wore made to exert. The pressure thus applied was usually 80 lbs. 
upon a surface of nearly 20 square inches of tho rock-plates, or about 4 lbs. 
per square inch. The general agreement of the results with those formerly 
ob^ued ako servea to venfy the correetness both of the thormal c^duo- 
trvities now assigned and of those prenouldy observed. Tho principal 
differeawes in the iwo methods of detortnin«tioii conmot in the mat «n imr 
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proved tbeimopile, and m the Bubstitution of vet membraneB for the pre- 
vioualy employed moist luting of ^et hnseed-meal m the present senet.- 
IVhere conaiderabJe diflorepancies still eiist, the discordance ib rather to be 
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ascribod to tho numberless nmall prccauhoris required to eusuio perfect 
aocuraoy, than to any constant erroi-s of Iho methods with which cither of tho 
two series of (lotenninations is now believed to bo atfectiKl, 

In concluding this descnptioii, sonic reniarks on the results of the new 
exponments that ha\o hcLii tained out will scivo to show A\hat now data 
have lieen obtamod, and how far the obsci vat ions tnado last your me corro¬ 
borated and continued by tho slightly modified apparatus and method of 
procedure tliat 1 ms been ndopUd to extend the 

Among tho points of pnin ij)<d impoituMOo noticed last year the following 
facts ol gloat jritortut nlrf adv uscfrittined have now been verified and con- 
hinicd Uuaitz is still toniirl to liave about the same high tboiraal conduc- 
tivit) concisely cvpiossed, us e\piauK.Hl ut the beginning of this 

UeixiH) Compared to tlie othei rocks wlinh hod been prc\lously observed. 
The duet lion m whnh lie it is tiansinittod throiigli fcluto is a vei-y important 
condition lu n ganl in its eondiit tiiig-])o\vcM —the conductivil} of good Welsh 
(l*\‘htiriiog) slate cut tuioss the cletvago heuig, however, to tliat of a plate of 
tho same sione cut ])ainllel to the rhavage jd ines, as o liom this gear’s 
oxpenments, instead of (t 3 veiy neaily, as oliserved iii tho same slate 
flpedmenri last v < tr 'J’ho not dile pat t of this (liff<'U nee of the tnojears* 
obseivations is in the bclter-tondm ling cioss-cut ])!ate (14 instead of tJG), 
although tho othci IcsH-coinlucting ])late (^11 3 and 32 5) has nearly tho same 
conduetivil_y us jt app<*aicd to have last 3 ear (deavoigo-fractun^a which tho 
crosB-cut plato hua Bufteiid, and then upairs, r( ndenng its surtaccs unoven 
and Iho w ultr-junct ion contacts consequentiy soniov\hut imperfect, ha^e 
piob.thly caused this app ircnt loss of conduetivitj in tlio transversely cut 
Bpcciiuen ot elate But this latter still exhibits a much higher tliermal con¬ 
ductivity thnii that bIiovmi tho plato from tlie Buino piece of slate cut 
parallel to its oleavage-plancs A less distinct difference wag found this 
year lu similarly sawn and tested plates of du>-slate cut across and parallel 
to the planes ot cleavage or of foliation , but the stronger kinds of tho stone 
which siipplusl a traiisverpo wection (as well us tho loss fragile platea cut 
parallel to tho planes of cleavage) presented the ajipc'arnnce of cleavage and 
foliation only very nnperfcctl}, and much less remarkably than the Mpccimens 
of ordinary shite from Wales Tbo thormal conductivity of llio soft clay- 
slate IS also less in all (brections (26-2b 5) than the least observed conduc¬ 
tivity (31 6) of Welsh slate cut parallel to its cleavage-planes 

Tbe observations of tho cftect of moisture in incroaHing tho conductivity 
of the porous rocks, when thoroughly saturated with water, entirely corro¬ 
borate tho similar observations mudo last year AVhen the great pressure 
required to force a sensiblo<piantity of winter through sucli rocks as sandstone 
and others which wore tcKtcd is compared with tho verj fecblo currents 
which differences of temperature and of density of tho w ater in their cavities 
can produce, it appears evident that the very marked increase of conductivity 
observed m such cases cannot bo owing to convection- or gravitation- 
currents in tbe water which tlie saturated rooks contain, although the 
mobility of the liquid by diffusion and consequent intermixture of its mole¬ 
cules probably assists iho direct condutting-power of water m the transmission 
of tho heat, and the resulting conductivity of water, free from the action jpf 
convection-currents, appears to bo ut least equal to that of some rock-species 
whose thonnai conductivities are either tho last or nearly the lowest in tho 
present list. 

The thermal conductivities of certain new species of rode a arc now also 
assigned, the values of which, although they arc few in number, appear to 
possess considerable interest from a miueralogical as well as from a geological 
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aapeot ttome crystalline rocks and min(*raU of simple composition (and of 
the cubic system of erjfltalli/ation) were selected, and, like quartz, they 
proved to have heat-conducting proi)ertiea in a high dogroo The thermal oon- 
ductivit} of irou-j)} ntes, rcHeinbling apparently thatoi tho metals, could not, 
from its high value, be accurately determined by the method of, experiment 
pursued , and it is accordmgl} omitted (as undetentiincd) fiomthe list. The 
diathermancy of rock-salt for the heat radiated and absorbed by the oiled 
surfaces between which the tnal plate of it was placed will not account for 
more than p irt of tho heat which the plak* actually tranaraittcd , and 
the high position of tins substance in tho list is consequent]) due to n really 
high conduotivit) whuh rock-salt jiossgsscs (about 113), greater than that 
of quart/ (S5 SH), and e^eu of tliioispar (b24), tlio substance found to rank 
next to it in high conducting-]»owcr A Bpecimen of galena nearly pure, but 
onoloaing a few iragmonls of (jiiart/, piesented tho highest thermal conUic- 
tivity (70;J) next to that of (juait/ A ]>1 ito of soft, white, opajue calcito, 
porfectl) but intgularly or) stallizod (forming vein-atuit in (^hftoji sandatono), 
iigreoe exactly in its thermal condncti\it) (dO 7) with vanous kinds of marble 
(40-4»b) which ivcro tned last year. On the other hand, a similar spooizuen 
of heavy spar (bauum Bul)»hato) from a mine of that Bubslniico imar Exeter 
presents, m spite of its groat density, a remaikubl) lowtliermal (onduchvity 
(17-18 in two expeninents), not very far romo\ed from that of English 
alabaster (g) psuni, or calcium sulphate, !^3 4) English plate-gloss (20 4), it 
may also be remarked, has a low theimal conduidiNit), diftonng not very 
greatly from those of the two bubstaneos last named. Email), the lightest 
spccios of rocks rxamnK-d in tho cours(» of these expenmenU, pumuestone 
end Newcastle house-coal, Imvo also the lowest conductivities {o 5 and ^ 7) 
hitherto prosonting themselves in these investigations 

As, with tho excc])tion of rock-salt, clay-slate and clvan, house-coal and 
pnmicostone, no now thciinal resistances of gicat importance, in a geological 
jK)int of MOW, are ndded ui the prebont list to those already exhibited in tho 
diagram of lliese llepoits (\ol for 1875, p- 59), a new graphic representation 
of tho resistances now found is hero deemed unnceos'^ary—the vnlncs of the 
absolute resistances fiirmsbcd in this Table enabling them to be added without 
difficulty in that diagram, where they may thus be exhibited lu the same 
normal scale with the earlier determinatione 

The applications to questions of underground temperatures which these 
obsenations suggi'st have not )ct engaged tho Committeo’s attention euffl- 
ciently to enable Ihora to arn\e at definite concluBions certain enough to 
entitle (hem to bo noticed in this Eeport Examples of very reliable inea- 
Buremeiits of underground tmnperntures, such us have recently been obtained 
in the tunnels of Mont Ccnis and of St. Gothard, and in the deep vortical 
bonng at Kperenborg, near Beilm (the last of which, although extremely 
deep, passes almost entirely through rock-salt), are ill-adapted to test distinctly 
the relative vnluos of the thermal conductivities of different species of rocks— 
the former two from the irregular surface-configurations, and the last from 
the obsence of any change of the strata through which these borings pass. 
In new also of the many disturbing conditions that affect both tho local rote 
of change and tho actual observations and measurements of underground 
temperaluroB in other borings more suitably adapted to exhibit clearly the 
difforenoes of thermal resistance in geological formations, which the Com¬ 
mittee IB endeovounng to distingui^ and to recognize m actual caaes, it 
would be premature, ui the present stage of the mveatigation, to deal more 
particularly with results derived immediately from these and frrom similar 
oomparisons, the degree of dependence to be placed on which cannot very 
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coaily be defined Tbo ng^cmont which they trust eventually to trace 
between the observed temperatures and the expcnraontally determined 
thermal properties of the locally predomuiatinj^ rocks is Imblc to bo masked 
find concealed by causes of disturbance of so many unknown and unsusjiectfid 
kinds, that plain and obvious corroborations arc not Iroquontly to be cxpocteil, 
and the nature of those causes which principally tend to disturb the results 
will probably become better known by tho jirogrcsa of further comparisons 
such as the Committee is now ondcav<minig to pursue AVhile it was thus 
anticipated by }*rof Everett*, from the slow rate ot tompcrature-\ariation 
from the surface observinl iii tlie^ock’^ oxca\atu>nsof tho Mont-(Vins tunnel, 
that quart / {\\hich is a principal ing^rcdiont of the rock) would prove to have 
a hifjh thermal eondiietivitj, this pio|K*rty is now also found to belon^ to 
rock-salt, thron^h winch the Sporenberg boimg iiasses MUth an average rate 
of tom peratuio-variation (1‘^F inf)! English feet) scircely difFcnng sensibly 
from the m tjti rate obtained from a imiss of similar observations taken m 
other places and recoidi^s^l by (lie Underground Temi>eraturc (^.ommitteo. 
The apimrent conlradif lion presented by those two co-sos may possibly proceed 
from a more rapid local rate of vanaiionof tempenituie ni the neighbourhood 
of Hperenborg than aroniid iloiit (Vnis, and the fact that iii the first 00 
fathoms of ordinary stritu overiymg the rock-salt the observed rate of 
variation was slower than below (contraiy to 'whnt would bo expected Irom 
the relative conductivities of tho su perm cum bent strata and tho iiuderlyung 
masses of lock-salt), is said, m llcrr Dunkor’s description of the obser¬ 
vations, to Iw probably accounted for by the intrusion into tho boring near 
its mouth of the waste warm w'ater of tho ongines on the surface The 
effect, it may bo obsciwed, ot a highly conducting mass, like tliat of the deep 
bed of rock-salt here penetiatod, by diminishing the local resistance and 
mcrcasing the flow of internal heat outwards through tlio Sperenberg strata, 
would be to cause tho local rate of vanation of temperature in this locality 
to bo abnormally rapid, and perhaps tins may explain why a slow rate of 
vanation is not obsened in this instance, from the great depth of the ex¬ 
cellently conducting rock-solt formation, winch considerably exceeds 3000feet 
The fiyiorcnberg bonng thus presents examples of secondary conditions which 
Will perhaps prove to be in good agreement (instead of, as they at first apjiear 
to be, somewhat nt lonance) with the results of tho Committee’s observations. 


Jlqjor/ of a Commitfee, covjiisfiTfff of the Right lion. J G, Hubbard^ 
M,P , Mr. Chadwick, M,F.j Mr. Morley^ M P., Dr. Farr, Mr. 
Hallktt, Professor Jevons, Mr. Nbwmarch, Professor Leone 
loEvi, Mr, Heawood, and Mr. Shaen (wM power to add to i/ieir 
numder)^ appointed fdr iti€ purpose of considering and reporting on 
the practicabiUty of adopting a Common Measure of Value tn the 
Assessment of Direct lawation, local and impertah By Mr. 
Haelett, Secretary. 

YorB Committee, ai^inted to inquire into the euljjeot of a Common Measura 
of Value in Direot Taxation, have proceeded in thw inquiry, have considered 
the matters to them referred, and have agreed to tho following Report:— 

* See theee Reporte, toh for 1S75, p 16, -note «t bottom of the page. 
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1 M^oBu^e of value u anted —Xhw question of a coiqtdoti measure of valuo 
18 one of a class thit may be literally called standard questions^ and its 
solution 18 at the basis of equality in taxation both general and particular 
Values are tbo object matters of taxation, their measurement and comparison 
are the necessary condition of lis equal incidence and measurements with 
unequal mcasuus are like weighings with unjust balances raxition, how¬ 
ever pureita int( ntion, itbout n common mcisuio ot valuo, is what navigation 
would bo without St \tmt and cbrotiometcr, or auhitoeluio without compass 
and level And this pirb ips is not an jinfur dtsciiption cd wh it it aciu illy 
18 , though not li nmj bo hoped, of wb it it must be Om ot the duct murks 
of advancing senneo h is Int n a jnogicss 1 Maids better nuasiuLs and better 
measurements a hubstitiifion ot tlu unifoiinituM ot rules ot rei.son tor llio 
unit slruted v again s of rules of thumb and siub ik tbo um ol the piesent 
inquir} Ihin quesli >n of a (ommoii imnsmo of value is Ibo question of the 
common mcisiuc of tavation oi it tbeic be seveial such measures, what m 
their common ratio ^ v\hat arc tluv m tciins of one auoUui I 

2 luo U tito h of Gf't}ei tl luhtalDt C(ij>ii(d lvalue and Usahle Value — 
Measurements of the value ot things (emplo}ing this word “things” os 
inclusive ot land, laboui, stock, Ai ) muj have reference to their absoluto 
worth or to then temponry uses Lhej mi^ have leteieuco to their pro¬ 
perty, capital, or absolute values or to tbtir products, piofits, or annual 
values Ihe one measure is cxeinplihed in coutiaets of salt and purchase, 
the other in contrm ta ot letting and hinng Kaoh has its special advantages 
and special appheatious Capital or absolute valuo is applied in the assess¬ 
ment of piobate and legacy dutv usiblo value lu the isscssmcnt of local 
taxation and in tliost of tho imptrml income tax Mon over, as the oapital- 
\aluc of tbo thing must be equivalent to tho present value of tho sum of ita 
future uses, tho two measures it consisb ntl) detmed, tliough differing it ma> 
be year by jear must be in fho Jong run equivalent But such consistency 
of definition la an c^seutial Iho idea of capital value is tolerably w< 11 fixed, 
but that of usable or loltablo value is mdchnito Usable valuo is, or ib 
equivalent to, the consideration paid for, tho income received from, the uso 
ot things This considerution, however, may be paid under such totally 
different conditions of contract that, unless these conditions aie first assimi¬ 
lated, the payments icgorded as measures, either of the values of the things 
or of tho abililiea of their owners, aro worse than useless (hey ore mis¬ 
leading 

3 Lsahh Value untestneted and indeterminate and lienee unfit as a corn- 
won measure —lo illustrate this things having a uso, and hence capable of 
becoming sources of inconio, aio all, bj the very nature of the process, liable 
to outgoings some more, some less Production involves productive con- 
Buroption Fffleiency nnplies cost—cost, for the most part of insurance 
against natural risk , of repairs , of necessary depreciation But the user of 
a thing, bo it land, labour, or stock, raa> engage for ita use with or without 
liability to these outgoings their costa may be borne by the user or by tho 
owner, or they may bo divided between the two in anj proportion that con- 
vemence may direct The user may bear repairs and the owner natural nsk 
and depreciation, or the user may bear natural nsk and repairs and the owner 
natural depreciation, or the user may bear all and the owner none, or the user 
none and the owner oU, the consideration given (the income received) of 

J course varying accordingly Were the things valued by absolute sale or 
capitalization, all the incidents, whether of efficiency or cost, plus or miiiUB, 
would he wholly and uniformly included, and the test would fix the thing*' 
relative poBitaons In valuation by usee, however, it is evident that these 
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incidents are not a matter of practice uniformly included, and the valuation, 
founded upon unfixed conditions, can fix nothing, ita possibilities of variation 
are coextouaivo with those of free contract itself, and honce, being absolutely 
unrestricted, as a measure it must bo inherently unfit 

4. Excmi>hjied in in'^oinxs of In<*omx-tni ;—Such valuations, some tempontig 
effect of deductions notwithsUindmg, have hocn thoio oi local taxation , and 
henoo the local Chios which Mr Sdator-Booths bill was the last attempt (o 
reduce to order. Such also, uithout any tempeiing infiueuce, arc the 
valuations of income under th(‘ present income-fax In this latter the 
returnable and taxable incomes of interest, land-rent, house-rent, royalties, 
wages, including professorial foes and salanes, are fho consideiations Llmt 
are paid lor the uses ol pnncipal inoinos, land, houses, mines, and labour 
roaix^otively Intcrosl, howtver, is tlie considf‘ration paid for tlie use ol tho 
principal, neither wm'T nor owner being subject to any outgoings. Land-rent 
IB tho consideration )) ud for the use of land, the user bearing almost all 
outgoings House-lent is tho consideration paid for the use of housoa, the 
owner and user sharing the outgoings in various proportions Tho owner 
also largely bears outgoings in the contract ol‘ mines and royalties , ho wholly 
bears them, as a rule, in that of labour and wages ^loroover these out¬ 
goings vary according to tho nature of tho thing, they may vary from zero 
up to 40 or 50 per cent., or even more, ol the giotjs production It is those 
differences that give rise to tho vanous charatteristics of incomes, as gross, 
not, certain, prccanous, terminable, permanent, nominal, real. All, ludeod, 
are in tho catalogue of considerations panl, all arc so-called incomes 
received, but only 

‘‘ As lioundM and grrjhounda, luongrelB, spanieln, cups, 

Bhoiigh«, wrtter-ruPH, and domi-wolres are cleped 
All by Oio iiume of dogs ” 

The true account ** distinguishes ** we are told, and gives to each “ particular 
addition.” tho measure of inoomoH, too, that lu^a claim to scientific truth 
must do the same, and to the “ lull that writes thorn all alike” and taxes 
them all ahko, must add natural differonces and just disciimmation 

6 * Usable value specialized and deUnmntd as Interest-value Bij consis- 
tent deduction of outgoings, Intevest-vcdue as tfie common ineasure required ,— 
And if tho cause of these inequalities of valuation be rightly slated, tho dis¬ 
covery of such measure ought not to bo difficult. As tho moqiiahtios arise 
from the different conditions in respect to outgoings under which tho vanous 
incomes are calculated, the remedy must bo the assimilation of these condi¬ 
tions ; and the case of principal and interest, which in one aspect may brf 
regarded as a common expression of souiccs and uses generally, may be 
employed as a precedent. Interest, as before said, is the income received 
irona a thing free of outgoings It leaves the thing or its capital value 
unimpaired. The extension of this idea to revenues or incomes in general 
is simply the univeraal deduction from them of their productive outgoings— 
eqmvient to tho general restoration of the capital-values of their respective 
sources tinder such a regime, returnable and taxable income would not be 
land-rent, house-rent, miuo-royaltics, labour-wages; but land-rent rrnmt^ 
land-outgoinga, house-rent nnnirs house-outgoinga, mine-royaltieB minus 
mine-outgoings, labour-wages nimiw labour-outgoings ; end similarly vvith 
terminable annuities and the profits of business, the outgoings, however, 
being in all oases only the necessarg ones of tho production. Tho result thus 
obtained would be what by analogy we may call the mteresLvaJuo of the 
various sources; and such interest-value of land, of labour, of houses, of 
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cconoiQio ageaoies gooerally, would bo the common meaauro required. And 
the measure la a porfeotly jiicioutifio oue, and, ludced, admits of mutliematical 
expresaioQ. Ab the exact difference, comprehensivoly considered, between 
the total receipts and total outgoings of a eouroe, it is the pure annual 
increment of its capital-value, and hcnco ls identical witli absolute profit. It 
would represent tlxe pure annual growtli ot national wealth tdkeu in its 
widest sense, and the returnable incoDUi of national taxation. 

0. Pieraients foi* its pi acliuihilitif —ifut are such dodnctiom of outgoings 
on the souices of intorae and the dctcnmuation ot the inteicut-value practi¬ 
cable ? In many cases tins (pu^stion has been already solved by actual 
legislation. That sucli deduct ions aro practicable tor lauds, Louses, and 
mines ma} bo proved by retorcncc to the Mctiopolis Valuation Act of 1801), 
and to tho Local Valuatum Jlill b<‘foro letened to, both ot which uio grounded 
on them, and have sihcdulos ot deduction for ditfercnt cases attached That 
they are practicable foi muchinrs, slaps, trade fixtures, horses, and stock 
gonorally, tho Inconio-tax Act, with its special clauses for repairs and re- 
ttupply, itself recognizes, and though no schedules or deductions arc attached 
for these cases, tho deductions are well known m tho estimates of business 
ttud rocogni/od in the Surveyor’s otfico Hut if such deductions of outgoings 
ore practicable tor the labour of horses, arc they not pract loable for t!ie labour 
of men Economically considered, the two labours are analogous, both aro 
productive agents, both have productive powers subject to consumption. 
Natural nsk, mamteuanco, and tonninability belong to tho labour ot men 
just as they belong to tho laboui of horses, just as nsk, repairs, and terminu- 
bihty belong to machines, shipH, or implements All these outgoings are tacts 
equally jiscertaincd by expcneuco, and it is difficult to see why their valuations 
arc not equally practicable. They mo as much nn item in a source’s general 
account as tho recoipts themselves, forming its debit as these form its credit 
column Nor can any account, be it individual or national, be emd to bo 
complete unless both sides are considered. 

7. Efftct on liicQme-tav Act ,—Tho application of this intcrest-v.iluc measuro 
to tho Income-tax Act would give these results —Incomes from lands, houses, 
and mines would be charged much tho some as under the proposed new local 
V aluation system HiN'idends and profits of capital, purely considered, would 
bo charged as at present. Government and other tenninablo unnuitics would 
not be taxed on the amount representing the restoration of capital. On the 
same principle the incomes from labour, whether pure, as m tho case of 
salaned officers and some professors, or mixed with tho proceeds of capital, 
as in other professions and as in businesses, would be entitled to material 
deductions varying with tho relative proportions of skill and capital engaged. 
In all cases the tax would bo collected at the source and levied on the not 
value of the produce , and the deductions would be made without reference, 
as such, either to tho position or fortune of tho owner. 

8 . PraiiicahthUf fxtwphjied in composite incomes —Questions may be raised 
on the practicability of applying an outgoings deduction to incomes from 
bunneBBes and professions which are the mixed results of labour and capital. 
It may he objected cither, first, that as labour and capital enter into these 
mixed inccmes in varying proportions, and as the percentage of labour- 
outgoings 18 very different from that of capital-out goings, a deduction common 
to these mixed incomes and to unmixcd labour-incomes would be unjust ; or, 
secondly, that if the labour-income and capitai-income be assessed separately 
a seporato return of capital will be necessary, aud that this must entail an 
objeOionable exposure of affairs. To meet the first objection, a classificaticn 
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of bi&itiess and professional inoomes* with a varying percentage deduction 
according to the average proportion of capital m each class, has been pro¬ 
posed , but it may be doubted if the second objection has any just foundation. 
That the assessment of an income from conjoint sources does not necessarily 
involve ail official return of those sources, may bo seen by looking to the 
return of the income of capital or stock itself, as exemplified in all large 
trading companies. Tins income, regarded in the concrete, consists of the 
conjoint incomes from houses, ships, nmcbinory, stock, trade fixtures, all of 
which incomes having differont outgoings, arc singly and diiforontly assessed 
by the owner, bub all of which are united, without statement of particulars, 
m one common otHcial return. Wli.it is practicable, however, with the 
incomes (dmved, say, from horse labour plm machmery) is also prarticablo 
with thobo derived from human labour plus capital generally Doubtless, iii 
order to value the laboui-income sepamtely from the capital-income, the two 
must bo flcpanitely kno^\n to the valuer, but not, therefore, separately 
returned to the Government unless Government undertakes the work of 
accountant The dHlintlioii the two (the ono technically known 

as profits, the other as interest) is a primary distinction m book-keeping 
usually given in every profit and loss account Capital being [known (and 
this knowledgti is as necessary to the preparation ot an accurate return under 
the present system as to that under the proposed one), its interest subtracted 
from the mixed income will give the technical profits, gross labour-income, 
or gross wages of the capitalist The deduction of labour-outgoings from 
the labour-income will give the labour’s interest-value, which, plus the 
interest of the capital, will be the interest-value or returnable income of the 
business or profession 

Example 1 —A (a burnster, physician, or salaried officer) has £1000 a year, 
an unmixcd gross labour-income. Assuming, ^ ^ , 40 per cent to be 
the average labour-outgoing for nsk, maintenance, and “ depreciation,’’ 
the deduction will bo £400 and the inteieet-valuo £000. A’s returnable 
and taxable income will bo £600. 

Example 2 —B (a sohcitor or gcneiol medical practitioner) has £2000 capital 
in bis practice, and a gross income as now retumablo of £1000 a year, 
the joint result of bw personal labour and his capital. Interest being 
reckoned at 5 per cent, £100 will bo the interest-ialue of his capital, 
and £900 the gross incomo, w^ages, or so-called profits of his labour. 
The deduction of 40 pei cent, from this for labour-outgoings leaves £540 
as the labour’s interest-value, which, plm £100 as the interest of capital, 
gives £640 as the interest-value of his practice. B’s returnable and 
taxable income will be thus £640. 

Example 3 —C (a merchant, manufacturer, or shopkeeper), having a capital of 
£10,000 m his business, bus a gross incomo of £1000 a \ear, the joint 
result of his capital and porbonal labour. Hero, under the former 
suppositions, the interest of his capital will bo £600, and the gross 
income of his labour will bo £600. Deducting 40 per cent, for labour- 
outgoings, as before, wo obtain £300 as the labour’s interest-value, 
which, plus the interest of the capital, enuals £800, the interest-value 
of the business. C’e returnable and taxable income will be £800. 

Zero^osnt of JDtreei Taxation —In tho remuneration of labour, as wo 
desewia m the scale, there Aust be a point at which incomo and outgoings 
balance, and at which, therefore, interest-valuo or real profit is aero. This 
iaiportaiit |K>int in labour, analogous m land to the oomznenouig point of 
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roat, is the soientifio divmou in labour botvveon o:tcm;)lion and taxation 
that a comnaou measure of value dotormmos WUorover the point may be, 
below it there w no interost-valne, and hence ouy;ht to bo no taxation , and 
it IS above tins point that in strict ness the porcoiila^^o deduction lor outgoin^^a 
ou^tht in every case to begin 

Example I —-A, a libouror, oarna IVN per week, an unnuKod groas labour- 
income. Artsuuiing this bum to be oiil> bulHoieut to moot the necessary 
labour-outgoings, then the inteK^st-v-ilao ot the income will bo niL A's 
income will bo wliolly unt.ivible. 

Example 2 —H, a cloik or artisan, e.iins X\10 ptT jear Assuming, as 
before, per we'*k or X'78 per jeai, as the necessary lab(tur-OLitgomgs, 
then theaubtractnm ol' this sum will m<ii k the zero-j>mnt ot the labour’s 
taxable income, and £72 will be the margin to which alone the jier- 
contige deduction ior outgoings ought to he applied Assuming this 
deduction at 40 jierrent as betoie, we have €22 ns such deduction, and 
.£41 as the labour’s interest-value 13’s returnable and taxable income 
wiU bo £44 

A similar preliminary process of correction applies fo all higher labour- 
incomes, the zero-point being dotcrnnued bj the amount iivod on as the 
labour’s nocosaarj outgoiugH 

9, Proposed new FaJuation System int^^nneduite to the Seff-ris^esHment and 
Official Stenus, —The pinctu al w oiking ot a measure of value, like other 
measures, has necessarily a relation to th(‘ persons b} whom it is applied A 
just measure, through careless or wrong application, ma) act unjustly, but 
unjust applioafion is no argument for an unjust miMisuro, an umust mousuro 
even, when rightlj applie^l must act unjustl}. Tu the incoiuo-tax, as now 
arranged, with itjj five or six inconsistent moeuiuroa of value, the valuation 
for some of the chief Hchodulcs ranges between the loose liberties of self- 
assessment and the inquisitorial stringoiiey of official the one system con¬ 
scious of a radical injuatico in the law, which it u itself called on to apply, 
the other in total ignorance ol the facts whicli the law covers, and both 
working in antagonism to each other In the valuation for probate duty we 
have a third sjHtcm, applied not by the interested individual nor b> tho 
official, but by a third and indoiiondeut parly, onthoritutivcly licensed, indeed, 
by tho Goicinmcnt, but seloctcd by tbo individual, and hciice whilst neutral 
himscdf, having responsibilities to each Under an equitable measure of 
value, self-assessment might m the timt instance exist as ut present, but in 
oases of doubt Government might require the guarantee of such an indcqKmdent 
authority (hcensed valuer, accountant, lawjor, acting as a semiofficial com- 
missioner in income-tax) for a second evidence to the truth of the return, 
reserving its own power of officjtil examination ns a last losort At tho 
present timo many firms do actually call m ])rofcssional accountants to make 
up their returns, and with a growing sense of justice in tho tax, such an 
independent guarantee to tho truth of tho return might not improbably 
become general, and might even acquire the force of a custom. 

CoMFAKlflON DBTWJSm CAPITAL-VALOE AKJ) IiTTEREST-VaLUK. 

10. Capxtal-x*alur and Interest-value equivalent on a senes of years^ hut not 
for each year ,—The two measures, capital-vnfuo and interest-v^uo, are, as 
t Jfore curved, on a series of years equivalent Intercst-valuo is capitul- 
Tolne for a year. Capital-value is the present worth of interest-value for all 
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years. Bat though the two meosuree are thus equivalent on an avorago of 
years^ they ore not oquivalont for each spccifio year. Interest-value meusuroe 
the gains of capital for ono year^ and capital-value mcasuros its gains for 
that year, with tho expectant or probable gain of future years added. As, 
however, national gam for any year has, as a rule, the closest relation to tho 
national expenses for that year, tho intorost-value la a more specific measure 
for annual taxation than tho capital-value, and this is probably the reason 
that has unconsciously led to tho adoption of an annual-\ aluo moasuio, both 
in local and imperial taxation, in preference to one of capital or perpetual 
value, 

Capited-vedus in comparative relation to things and to tenures general!g ,— 
Measures practically equivalent may, however, througli difleroncea of appli¬ 
cation, give contrary results; and of this tho two measures in question afford 
illustrations. Taxation, according to capital-value, may look either to tho 
Sources, thmga, or objects owned, or to the hghts and tenures of their 
ownora—to tho land, labour, or stock possessed, or to the freehold, leasehold, 
life-tenancy, or joininire, as tho oaso may bo, of the possessors. Primd facie 
it would appear that as tlio value of tho tonuros of a thmg, however manifold, 
can bo neither more nor less than tho value of tho thmg itself, tho results of 
the aoientifio oapitolization of tho two should bo identical. As a matter 
of fact, however, this has not been admitted to bo the case , and it is ou tho 
question of tenures that the deepest controvorsios of tho mcomo-tax have 
arisen. 

Captial^vdlue in relation to terminable tenures, —As the capital-value of a 
limited tenure m an estate, for example, is less than that of a pormauent- 
one, its taxation, it is argued, ought to bo loss, and therefore it ought to pay 
at a lower rate. Putting aside tor a momont tho question of thp truth of 
this inforenoo, it is evident that its cnforcomeut would make an estate^s 
taxation [vary with tho oharaotor of its tenure, thus gmng power to tho 
subject to alter taxation by altering tenure, and that to almost any extent. 
To avoid this it has been proposed to denvo tho whole tax from tho estate 
as at present, but to levy on the limited tenure acoordiug to its oapital-valuo, 
and to make tho reversion liable for the balance, 

Termindbitiiy of tenure does not influence the Annual Tax, —Without die- 
cussing the administrative difficulties of this view, it may be questioned 
whether snoh a view be a logical deduction from tho pnncijple of taxing 
tenures oocording to their capital-value. Assuming that a bmited tenure m 
an estoto ought to pay leu than a permanent one, with roforenco to its 
capitalized value, it would not therefore follow that it ought to pay at a hw^ 
oimua/ rate. Be tho tenure long or short, tho estate for any given year is 
the same, tho value for that one year’s tenure is the same, the govemmont 
protection afforded to it for that year is the same, and hence it would appear 
that the payment for each year ought to be the same also» But if each year’s 
payments be the same in both cases, tho total payments are not therefore 
equal; the limited tenure pays only for a limits time, whilst the perpetual 
tefturo pays for oil time; and af these payments bo aggregated it will be found 
that their amounts are in exact proportion to the capital-values of tho 
xeq^tive tenures. Should it bo said that the reversioner, having interSats 
in tho good government of tho present, ought therefor© to contribute nooording 
to the value of those interests, the reply is that the present possessor bos been 
f hh xevorsiouor of tho post, and has bad similar int^ests in the good govem- 
mmit 0^ the post. thoreforo, present possession has a claim on the future, 

xt owes a debt to past; and it may be mathematioalty shown, what 

1878. h 
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periiapB a BaOBe of the fitness of things bdicates, that for any given year tho 
claim and debt will cancel each other, and leave every year’s possession to 
pay the whole year’s tax on the estate posaoescd. 

Difference between ineoniee from terminable tenures and these from iermi- 
nahU things —That a terminable mcomo by paying at the same annual rate as 
a perpeti^ income is equally paying according to its capital-value, is a pro- 
pondon insisted on by Mr, Warburton and by Mr Mill in the two CommissionB 
on the Inoome-tax, and os far as the above olasa of terminable income is 
concerned, the proposition is true. But these gentlemen unfortunately 
oomod it into a region where it had no status, and lu virtue of it denied tho 
applicability of capital-value, if not of arithmetical proportion generally, as 
a reforming measure of tho income-tax. As there are incomes and incomes, 
so there are temunablo incomes and tomiiDablo incomes. If tho terminable 
income be tho terminable tenure of a pure interest-value, such, practically 
speaking, os a lifo-inicrest m land or in consols, to tax it at the same rate 
as a permanent inoomo is to tax each according to its capital-value If, 
however, tho tomunable income bo an income that is made up partly of 
interest-value and partly of capital that terminates, not simply as a legal 
right, but by gradually exhausting its source, then to charge such income at 
the same annual rate os a permanent one of similar amount is not to tax it 
according to its oapital-valuo—a truth repeatedly demonstrated by tho 
actuaries before Mr. Bumo’s committee, and evident from the reflection that 
tho oapital-voluo of tho source is, by tho lory nature of the income, continu¬ 
ally pewsing away, whilst the tax remains the same Under the conditions 
^tat^, the tax on tho one terminable inoomo would bo a tax on pure 
interest-value, tho tax on the other would bo a tax on a mixture of interest- 
value plm capital. By combining the propositions of tho actuanes and of 
Mr, Warburton, each true in its own sphere, but each erroneous when 
applied to the other, we may conclude that tho results obtained from the 
capitalisation of tennros are identical with those obtained from the absolnte 
valuation of sources; and both may be quoted in confirmation of those 
obtained from tho principle of interest-value. 

Capital’-vcdue in relation to personal riches and Common measure 

ofualue as needful for equed ea:€mpHon as for equal taxatfon ,—Another appli¬ 
cation of capital-value as a measure, however, cannot bo so quoted. The 
taxation of a particular property according to oapital-voluo may bo inter¬ 
preted as taxation, not oooording to the worth of that particular property, 
bnt according to the absolute worth or financial position of the person who 
owns it* and such a method of levy has been erroneously defended as 
taxation according to ability. In this view a rich man ought (oonsiderations 
of practicability apart) to pay a heavier duty upon his dog, his bottle of wine 
or whiskey, than a poor man; and, tho estates being equal, the owner of a 
permanent tenure would pay more for each gear’s possession than would the 
owner of a limited one. Such a theory of capital-value may not bo general, 
but it has a certain degree of popularity, and seems to bo constantly getting 
itself mixed up not only with discussions but even with legislation on the 
incidence of the income-tax. It may be questioned whether &e operation of 
this theory is not visible, fbr example, in the exemption firom imperial direct 
taxation (reoenily so lai^y extended) of large masses of property in tho 
country indnding many thousands of aor« of land, in oonsequenoe of the 
iieoidotit of their ownordiip. Property thus exempted becomes property 
taxable by mere change of possession, irree^tivo of the intrinsic nature or 
yohie of the property itedf. To exempt in on inotnne-tax tho necessary 
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outgoings of tho sooroo of income, be it labour or land, is merely to confine 
the tax to its ovn stated objects, viz. to inoome proper; but to exempt or 
lower the rate on this inoome proper, merely in consideration of the personal 
status of its owner, is to travel mto quite a different region—^it may bo into 
the rog:ion of national chanty, or into that oi some other pnndplo, but 
assure^y far away from that of equahty m taxation. It may be added that 
such exompbonB, even when admitted, need a common measure of value for 
then: rational application. There are small inoomes and small incomes— 
inoomos that are pure interest-values, incomes that are pure drafts on capital, 
and inoomes that are mixtures of interest-value and draft on capital; and 
the equal exemption of those kinds, as m the present inoome-tax, is as un¬ 
equal as would be their equal taxation. As before said, the intercet-value 
measure itself would exempt all small labour-incomes to the extent of their 
necessities without further special rule. 

BRiuiNas OP CoiAKox MiiAsintE op Valub on Genkbal Taxation and 
National Incoius. 

11. C&nmon measure of value necessary to tlie adjustment of general iam-^ 
atimi fallacies from its ahstnee. —Your Committee also fool that it would 
he unjust to make any alteration m the present incidence of the inoome-tax, 
without at the same iimo taking mto consideration the pressure of other 
taxation upon the vanous interests of the country, some of it imposed by recent 
lagislatiOD, and m one case especially, that of tho succession‘duty, to some 
extent by way of compensation/’ This, written in 1861, is the lastsontenoa 
of the Eeport of the Beleot Committee appointed in that year on the oqua- 
lization of the Income-tax; and perhaps no paragraph could be quoted as a 
stronger argument for the neoecsity of determining a common measure of 
value. It may, indeed, bo thought by some that for tho purpose of internally 
equalising a tax over its own area, be that area sugar, coffee, or incomes, a 
preliminary inquiry into tho pressure of taxation m general is somewhat of 
a work of supererogation; and it may not be mathematically obvious to 
others what possible sort of compensation can exist between the inequalities 
of a tax, or a set of taxes, that are almost stationary, and those of one that 
changes with every national emergency—that in twenty years bos actually 
oompaseed the extremes of sixteenpeuce and twopence in the pound, with 
every variety of intermediate oscillation But assuming it to be advisable 
for tile purpose In question, as It must doubtless be always generally usoM, 
to know the comparative pressure of taxation as a whole upon the interests 
of the country, it is clear that such a knowledge implies their valuation 
through a common measure, and is, indeed, os impossible without it os would 
be tho knowledge of the weights of different things without weighing them 
by a true balance. Eminent statists have, indeed, attacked this problem, 
using inoome itself as the means of the comparison, though oftentuues without 
a iQilleieiit preliminary examination of the accuracy of their mstrument 
Comparing the statistics of different classes of income, as collected £rom the 
government returns and from inquiries specially with the statmtios of t^ 

oorreqwDding classes of taxation, they have sometimes eondtuded that ipiem' 
taxation is, as a whole, tolerably equal The truth of this oonclTteion evidenUy 
dbpqndi upon the uniformity of tto standard emj^oyed. As, hAwever, this 
has no existence (the guvomment fwturns aloim presenting at 
least five or rix dUfereut modes of eromate), the atgament caU prove nothing 
as z^gards genera! equahty^ exo^t iteRbsenoe; btit does pfove that taxathsi 
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in general, regarded a« a larger income-tax, ib equally in wont of a common 
measure with the income-tax proper. 8o far from the measurement of the 
income-tax proper being dependent ou the measurement ol general taxation, 
the measure that underlies them both is one and the same, and, indeed, the 
true view of an incomo-tax la that it should be a peifoctly just and equal 
tax in itself, rathor than an imperfect tax compensating tte imperfections of 
other taxes. 

Common measure of value necemiry for finding nattonud income and wealth : 
fallacies from xts absence —The evil coiiaoqiionccs of a wunt of a common 
measure of value, seen in the companaoxi of incomes for purposes of taxation, 
is also seen when, they are added together for the exhibition of the amount 
of national income and wealth. To find this national income, the government 
returns of the income-tax have been taken, and to this miscellanoous aggre¬ 
gate the exempted incomes of tho country, including manual-labour wages, 
have been added, as if all were of one equal and unifoim denomination. 
Much of such income, however, as has been repeatedly pointed out, is oply 
the consumption of capital. Within tlie peiiod of a generation, say thirty 
years, all tho value of human labour, jfius tho cost of maintaining it, passes 
into the category of labour-incomo. Withm longer but varying periods tho 
value of all houses, the cost of repauing them, passes mb) tho category 
of house-income. Within still more varying periods all the mining wealth 
of the country must pstss into the category of minmg-inoomo and disappear; 
and all capital of terminable annuities possos into terminable income. By 
aomo writers -this medley of so-called income (but no more income than the 
payments for exports arc income, or dxafts on bankers are income) has ever 
been capitalized at one (and that an extreme) rate, to get the national wealth, 
the result of the whole process being an exaggerated and practically mis- 
ehievous estimate of national income, of national wealth, and of the nation’s 
capacity to boar taxation. Probably no better example than this could bo 
given of tho necessity of a common measuro of value. Common measures 
(common luiits) are the souls of statistics, as, indeed, they are of knowledge 
generally. Without them statistics are a mere incoherent mass of facts, 
usurping tho semblance and function of exact science. A common measure 
of income, ^scovenng the amoimt of tho element common to rent, wagM, 
profits, and interest, determines the true increment of wealth considered in 
its widest seiue, and expresses both the extent and tho ratio of economic 
progress. This common measure may be briefly described as interest-value i 
it is an essentia], if not the fundamental, basis of taxation* 


H^orl of the Committee, consisting; of Professor CtfiRR Maxwell, 
Professor J. D. Evbbett, and Dr. A. Schvsteb, for testing experi^ 
mentally Ohm^s Law. ^ 

Taa statement of Ohm’s law is that, for a conduotct in a given state, the 
electromotive force is proportional to the oorrant prediieed. 

The quotient of the numerical value of the force divided by 

the npmenoal value of the current is defined a$ Jjl^^l^^tanoe of the oon- 
duolior; and Ohm’s law asserts that the rcsUto^tkijlS thus defined, docs not 
raiy with the rtrengtb of the ounrent 
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The difi^culty of testing this law anses from tho fact that tho current 
generates heat and alters the temjperature of tho conductor, so that xt is ex¬ 
tremely difficult to ensure that the conductor is at tho same temperaluro 
when currents of different strengths arc passed through it. 

Sinoo the resistance of a conductor is the same in whichever direction tho 
current poseofl through it, tho resistance, if it is not constant, must depend 
upon even powers of the intensity of the current through each element of 
the conductor. Hence if we can cause a current to pass in succession 
through two conductors of different sections, the deviations fiom Ohm's law 
will ho greater in the conductor of smaller section, and if tlio resistances of 
the oonduotora are equal for small currents, they ^ill bo no longcT equal for 
largo currents. 

The first method which occurred to the Committee was to prepare a set of 
five reeistonoo-coils of such a kind that their resistance coiild bo very accu¬ 
rately measured. Mr. Hockin, who has had great experioneo in measuring 
resistance, suggested 30 ohms as a convenient magnitude of tho resistance 
to be moasur^. Tho five coils and two others to complete tho bridge wore 
therefore constructed, each of 30 ohms, by Messrs, Warden, Muiihoad, and 
Clark, and it was found that a difference of one in four millions m tho ratio 
of the resistance of two such coils could bo doteoCod. 

According to Ohm’s law, tho resistanco of a system consisting of four 
equal resistance-coils joined in two senes of two should be equal to that of 
any one of tho coils. The current in the single coil is, however, of double 
the intensity of that in any one of tho four coils Hence if Ohm's law is not 
true, and if tho five coils when compared m pairs with tho samo current are 
found to have equal resistances, tho resistance of tho four coils combined 
would no longer bo equal to that of a single coil. 

A system of mercury-cups was arranged so that when tho sjstcm of five 
coils was placed with its electrodes in the cups, any one of tho coils might bo 
oomporod with tho other four combined two and two. After this comparison 
had been made, Uio system of five coils was moved forward a fifth of a revolu¬ 
tion, so as to compare the second coil with a combination of the other four, 
and so on. 

Tho eiqierimontB were conducted in the Cavendish Laboratory by Mr. G. 
Chrystal, B.A., Fellow of Corpus Chnsti College, who has prepared a report 
on the experiments and their results. 

A very small apj^ont deviation from Ohm’s law was observed, but as this 
result woe not confirmed by tho much more searching method of experiment 
afterwards adopted, it must be regarded as the result of some irregularity m 
the conducting-power of the connexions. 

The defect of this method of experiment is that it is impossible to pass a 
current of groat intensity through a conductor without heating it so rapidly 
that there is no time to make an observation before its resistanco has been 
considerably tnereased by the rise of tempOTaturo. 

A second method was therefore adopted, in which tho resistances were com¬ 
peted by means of strong and weak currents, which were poseod alternately 
throng tho wires many times in a second. Tho tcsistaJices to bo comjiarcd 
w^ fiioso of a very fine and short wire enclosed in a glass tube, and a Imig 
thick wire of nearly the same rosiataoce. When tho same ourrout was passed 
through both wires, its intensity was many times gi^ater in tbe thin wire 
tbaia in the tbUdk wire, so that the deviation, if any, from Ohm’s law would 
be muak greater in the thin wire th^n in the thick one. 

Henoe, these twe wires are oomUned with two equal laige resistances in 
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WheatfftoQO*a bridge, the condition of equilibrium for the galvanometer will 

Cerent for wouk currents and for strong ones. Eut since a strong current 
heats the fine wiro much more than the thick wire, the Jaw of Ohm could not 
be tested by any ordinary observation, first with a weak current and then 
with a strong one, for before the galvanometer could give an indication the 
ihm wire would be heated to an unknown extent. ' 

In the expoiimont, therefore, the weak and the strong current wore made 
to adtomato 30 and sometimes (>0 times in a socond, so that the temperature 
of the wire could not sensibly alter during the interval between one current 
and the next. 

If the galvanometer was observed to he m equilibrium, then, if Ohm’s law 
is true, this must be because no curront passes through the galvanometer, 
derived ciUior from the strong current or the weak one. But if Ohm’s law is 
not true, the apparent equilibrium of the galvanometer-needle must anse from 
a succession of alternate currents through its coil, those being in one direction 
when the strong current is flowing, and m the opposite direction when the 
weak current is flowing. 

To ascertain whether this is the case, wo have only to reverse the direction 
of the weak current. This will cause the alternate currents through the gal- 
vanomoter-coil to flow both in the same diiootion, and the galvanometer will 
be deflected if Ohm’s law is not true. 

Mr. Ghiystal has drawn up ii rejiort of this scoond experiment, giving an 
account of the mode in which the various difiioultios were surmounted. 
Currents were cmplo} cd which were sometimes so powerful as to heat the 
fine Vire to rediicss, but though the difiiculty of obtaining a steady action of 
the apparatus was much greater with these intense currents, no evidence of 
a deviation from Ohm’s law was obtained, for in every experiment in which 
the action was steady, the roiersol of the weaker current gave no result. 

The methods of estimating the absolute values of the currents are desenbed 
in the lieport. 

Jl third form of expenment, in which an induction-ooil was emplojrod* is 
also described; but though this expenment led to some very interesting re¬ 
sults, the second expenment gives the most searching test of tlie accuracy of 
Ohm's law. Mr. Chrystol has put hw result in the following form. 

If a conductor of iron, platinum, or German silver of one square centimetrs 
in section has a resistance of one ohm for mfimtely small currents, its re- 
slatanco when acted on by an electromotive force of one volt (provided its 

temperature id kept the same) is not altered by so much as part. 

It is seldom, if ever, that so scarohing a test has been applied to a law which 
was originally cstabh^od experiment, and which must still be considered 
a purely empinoal law, os it has not hitherto been deduced from the fimda- 
mentol principles of dynamics. But the mode in which it has borne this test 
not only warrants our entire reliance on its accuracy within the limit of 
ordinary experimental work, but enoourages us to believe that the simplicity 
of an empirical law may be an ai^ument for its exactness, even when we are 
not able to show that the law is a consequence of elementary dynamical 
principles. 

SseperioMnt, 1875, By G. OnaTSTAi, Cwmditih Xabomdofy, 

Cijmhrtdgt, CommunfratsS hy J. Clbrk Maxwxu^ 

duMf the electromotive force between two points of a uniform linear con- 
vai]^ Bmsured in appropriate units by meant of an electrometer be and 
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tho quantUy of oloctrioity that paasos through any section of the eonduotor la 
unit time, measured either by a galTanometer or by a voltametoTabe 0, then, 


according to Ohm’s law ^ is directly proportional to the length of the oon- 
due tor, aud inversely proportional to the area of its section. 


The coofRoiont of proportionality fora dejln\te'\^ substanoo depends merely 
on the tomi>oraturo of the substance; for unit length and unit section of a 

given substance the value of the ratio - for a given temperature is called the 

C 


s|>ecihc resistance of tho substance for that temperature, and is one of the 
most imiK)j fant of its physical constants. 

This law lias boon, directly verified by its discoverer, and by Bocqucrol, 
Davy, Feohnor, Kohlruusch, and others, and indirectly it has been verified 
for a groat variety of substances with a degree of accuracy approached in fow 
physical mcasuroiiLonts. 

Lately, in discussing some cxfierimcnls of his own, Dr. Schuster has raised 
tho question whether after all Ohm’s law is only on approximation, the limit 
of whoso accuracy lies within tho region of experiment Wo might suppose 


that tho latio 


E 

V 


+ 

4* 


waa some function of CS say 


E 

C 




whore 11 is a constant very nearly equal to what has hitherto been called tho 
specific resistance, and tS is a small constant which, according to Dr. Hchuster^s 

suggestion, would bo positive It is clear that ~ can only bo an even function 

of C, unless wo admit unilateral conductivity, for which there is no experi¬ 
mental cvidcnco in a purely metallic circuit 

A Coumiittce of tho British Association, appomtcKi to consider tho subject, 
were of opmion that it was of imporianco to attempt a further experimental 
vonflcation of OJim’s law. 

At tho auggesiion of Professor Maxwell, tho exporimontol details of two 
methods of verification proposed by him wore undertaken by tho writer of 
this Boport. Of tho two experiments reproeenting these methods tho second 
is by fur the most couclnsivo. It not only avoids the difficulty of eliminating 
tomperature ofifocts, which to a certain extent interfere with the first expon- 
ment, but it pushes the verification of Ohm’s law very near tho natural hmit 
of all such verifications, vi;?, the limit of tho solid continuity of tho conductor. 
It has thus been rendered probable that experiment cannot detect any 
deviation from Ohm’s law, oitiier in the direction indicated by Dr. Schnater, 
or in tho opposite direction as suggested by Weber, even in wiree that have 
been brought by the electric current to a temperature beyond red heat, 

A third exporimont was also tried by tho writer of this Report; its result 
agreed with the others, but, opting to oortahi pocoljiarities, it is less oondosiva 
than they are. It led, however, to interestiiig results of another kind, which 

* Th« ouirent ii tuppowd to be eUody 

t By u maast in a gtrenphynosl oonditiozi, except os speffsrds B M F. and fiow 

of B| and tomperature. The last it exoeptod beoauK We ore bro^bt boe td tm with 
pCMHl^ t^perature Tariatioiis m the first experiment 
I Ws fttpposB the oonduotor to be of ufift fength and unit seetioru It is of eouree the 
Hswteaoe^whirii is in ouestiQn; and this, if variable, wiU depe^ on the ourrent 
psrnnitorisstW. 
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Bccm to allow, among other things, that conoluaions respecting the accuracy 
of Ohm's law cannot safely bo drawn from exponments of the naturo of 
those made by Dr. f^chuster. 


First ExpEitnrFNT. 

f 

Bupposo that wo hnd fi\o rcsistanc^roils, which, when compared with each 
other by means ot the samo current, were equal, say each =bR. Tliut is to 
say, it any tw'o of the resist an co-cods w<ro inscrttd in tho branches AB and 
B D of a Whcatfelono's budge, the other tno nrms, AC nud (*]), being two 
other equal nsistanccB, thtn the g(d^ anometer Q inserted bct^^ccn B and C 
would indicuio no cuireat. 

Fig. 1 Fig 2. 


T% 



Bupposo now that wo rcplaco Iho coil 11 m B D by four of tho oqual coils 
arranged in niultiplo aic, as in fig. 2. Then, if Ohm’s law be true (i,e, if 
resistance bo independent of ourreut), if p bo resistance between B and D, 

1 _ 1 1 

p 211 2K " B’ 

i.f. p«B, and there will still be no deflection in the galvanometer. But if 
Ohm’s law bo not true, and the resistance be a function of the current, then, 
since tho current through A B is nearly tho same as in tho first experiment, 
while that through BED and B F D is half, tho resistances in B E, E D, B F, 
F D will be no longer equal to B, but either greater or less, and the galvano¬ 
meter will be deflected. 

Under tho direction of Professor Maxwell, part of the funds at the disposal 
of tho Committee were devoted to providing two sets of coils specially 
adapted for the above experiment. One set consisted of five coils oi silk- 
eoverod Qennan silver wire (diameter •Omllliin.), each of resistance os nearly 
as possible equal to 30 B.A. units. These were all wound together in tho 
ostial way round one bobbin ; the terminals oonsiBted of ten pieoee ot stout 
copper wire, insulated from each other by a nog-shaped piece of i^Kmite, 
through which all of thorn passed. These stout wires were bent over, apd 
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cut AS nearly as possible of the same length, bo that their anialgamated ends 
might go in jiaini into mercury-cops. The wire and bobbin wore enclosed 
between two coaxiul cylinders of sheet brass, which wore fabtoned to the 
obonilo pieco aboTO, and connected by a nng of sheet brass below, Tlio 
whole had a rough rosomblanoo to a largo spider The other set consisted of 
two coiis made of the same wire, and having each as nearly as possible tho 
samo reBifltonoo They were arranged in tho same way, except that tho ter^ 
nunala of tho same coil wore adioccnt. 

As tho adjustment of tho coils was ncccssanlj not poifcot, tho cxi>erimont 
could not bo tned exactly ns described in tho above Bchomo. I decided, 
therefore, to operate os follows —First, to compare each coil of the five with 
tho coil next in order; tho differencoB between any two colls could then bo 
found in tonus of an arbitrary uini (the resistance of a tenth of a millimotro 
of tho platinum-indium bridge wire at the tomperatnro of the room dunng 
the experiment); second, to compare each coil with tho four others arranged 
in multiple arc, as before deaenbod Tho results thus obtained wore com¬ 
pared, as will bo dosenbed furth(r on. 

To facilitate these compansonw, the following arrangomont of mcroury-cup 
connexions was made for mo hy Mr Guriictt, of Ht John’s College, tho 
Demonstrator at tho Cavendish Laboratory *,— 

Fig. 8. 



To a raasaivo hoard are glued live largo morcury-rups, mode of boxwood, 
with A piece of amalgamated sheet copper at tho bottom. Into thoso go Uic 
ten torminals of the dve coils, so that there would bo metaUIo connexion 
round all the five coils in seties were it not that tho cup A is divided by a 
piece of vuloanito^ which insulates the two torminals in that oup. Z is a 
stofut copper how connecting B and the lower division of A; to this bowls 
soldered one of the galvanometer terminals. Into the oups u and v dip tho 
two terminals of one of the two coils. 9n is a stout bow of copper connecting 
the Upper half of A with «. Another bow ga« from v to one end the 
hridjg^ ivltioh is the instrument used hy tho ^Ush-Association Committee of 
1868, and will be found detciibed at p. 868 of the Beport (1864) of tiie Com- 
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mitteo on Electrioal Standards. To is soldered one of tho baitory terminals. 
The oonnoxions on the nght are similar to those on tho left, and may be un¬ 
derstood from the diagram. Tho other galvanometer terminal goes to tho 
contact-block L. The battery used consisted of twelve T^eclanchd^s cells, tho 
whole internal resistance of which was about 13 B.A. units, its E.M F, being 
about 16 times that of a Doniell, The whole resistance of tho bridge trom F 
to G was about *075 The galvanometer is on instrument mode by Elliott 
Brothers, belonging to tho British Association ; its icsistanco is about half a 
B.A. umt. 

Good contact botween the feet of tho copper terminals of tho quintuple coil 
and the bottom of tho morcury-oups was secured by placing a weight on the 
top of the coil, the spring in tho termiuals was thou sufllcioat to ensure 
contact overywhero. 

In the arrangement figured in the diagram tho coil p is balanced against a 
multiple arc, containing q and r in one branch, ana s and t in tho oilier. 
To compare ono single coil with the next single coil, / la removed, and ouo 
ond of tho galvanometer wire connected instead with tho cup E, while 7n is 
made to connect the lower instead of tho upper half of A with w , witlv this 
arrangement the coil t is balanced against the coil s, 

Tho coils in tho quintuple coil are numbered 1, 2, 3, 4, 5 . Jind in expon- 
jneiits with multiple aic tho coil botween A and B is referred to as the 
“single coil,’^ in experiments with single coils those beiweou D and E 
and E and A arc called right coil (11C ) and left coil (L C ); llio coils 
between tc and .v and v and v uie called right and left middle coils (Jt]M C 
and L M.C.), and are numbered 1 and 2. Tho bridge is read from left to 
right 

Some preliminary exponraentH were made with tho apparatus, which 
ahowod that tho coils had boon very well adjusted by tho makers, Messrs. 
Warden, Muirhead, and Clark It was found that with the arrangement 
described (tho best at our command in tho Cavendish Laboratory), the bndgo 
could bo road to a quarter, if not to an eighth of a millimotro A sm^l 
correction was found necessary for the magnetic field, duo to tho current in 
tho bridge connexions, this was allowed for by adjusting a loop of tho 
batteiy-wire till the galvanometer showed no effect when the battery was 
turned on Tliormoelcctnc currents m the galvanometer circuit, owing to 
heating from tho hand at the contaot-block, wore avoided almost entirely by 
using two pieces of wood, which were interjwsed between tho fingers and tho 
block, and wore oontinucdly changed so os not to got hot. 

The order of experiment was generally as follows .—The weight was ad¬ 
justed on tho quintqnlo coil, the battery was thrown m for a moment by 
means of a treadle wmoh closed the battery circuit; if there was no direct 
effect on the galvanometer, tho batteiy was thrown out, and contact made at 
the block, spot of light on the scale was watched through a reading- 
telcMope, and if it was at rest* the battery was thrown in; the deviation 
indioatM whloh way the block had to be moved to get a balance* Two or 
threo trials m general suffioed to get the balanoe. Tho bridge was then 
read ; the middle ooila were then reversed, the balance found, and the bridge 
road again. The difference of the readings gives the difference of the resist- 
axtoea of tho middle ooQbi os may easily be flL)wn (see ‘ Journal of Sociefy of 
^pelegraph Engineers,’ Got. 1872). The middle oous being loplaoed as before, 
^ |iple coil was moved round one and the some process repeated. 

* On sveddsnm of imsn tbemosleetric edboU, see b«low iu the discuMion of the 

(MHRIfl l^pWlOlBW* 



6N LAW. 


48 


i^brmuZa of Rsduetion, 

Let tho right-hand middle coil (No. 1) bo taken to be 30 ohms, the bridge- 
wire being *075 of tho some units. Let r denote the rosistanoe of this coil, 
the unit bdng tho resistance of a tenth of a millixnotro of the bridge-wire, 
thoroforo 

r* ^^^=4000000. 

•076 

Let tho rosiatanoes of I, 2, 3, 4, 5 of the quintuple coil, mensiircd in the 
same units, be r + a, r + r+Vi r+e. 

IIouco, companijg middle coil 1 with 2, 1 being on tho right, 
r-fa __ r + fe + D-fa; 

T + lOOOO^a-^a . ^ ^ 

whore r-f 1) = resistanoe of middle coil 2, x tho bndgc-reading, a and h the 
resistances of the connexions at lU two ends. This gives 

a-/3={D-a-6 + 2(a)-5000)} |l - • • (2) 

all other terms being ncgbgible. 

Now the greatest possible value of 10000—a; is 0000, since tho readings 
noier went below 4000, and U +2(^7— 5000) was never greater than 400. 

Hence tho term involving — ~ ^ la less than 

r 

400 xOOOO 6 
4000000 *10' 

and IB therefore negbgible, smoe wo do not road beyond tenths of a inilU- 
metre. Hence we may use the formula 

a—a*—6 + 2(47—6000). ... . . (3) 

Similarly, in comparing one coil against four, wo got tho formula 

a —j(/3+y+^+«)«iD—a —6 + 2(47—5000). . . (4) 

To dnd a—6, the “ bridge oorreotion,’' a reading is taken with the coils 


Fig. 4. 
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figure, by introducing two new piocos of copper and two more mercury-cups, 
the arrangement indcpendondy of the bndgo being very nearly Byrametncul. 
lot the reading noAV bo 

AsBumiDg that the rosistanccB of the movable cups and bows at the two 
ends are (xjual, in one caso, ==^' m the other, then , 


Similaily, 


T* (I -\~1 v 

1* -|- (2 "H ^ 


A 

J3’ 

A 

A I Jt 


i* fU + 2/. +a + />-f ^ “ A fir 

■ 1 ^ + 1* / r ~ L'+Q+i I 

“ I r it v+ii+i i ’ 

I 1 f ^ ^ + i(^ 4“^) 

V r 


. r+7>+t' 

F” 


^ 4* 4* ^4 

r 


•.rt~&=.r+A’'-10000. 


A \ancty of cxpoiinuntB woio made with the coils arrangod BonutinicB m 
Olio wuy, bomotimcs in tlio other, and closely agreeing values of « —6 were 
found >ar)ing fiom 62 to 68. 


- Correction for vant of Sijmmetrif, 

Referring back to fig. 4, we sec that m tho nirangoment for multiple- 
arc experiments tho connexions are not quite B}mmotncal. Tho copper bows 
were all nearly of tho same length and thickness; lot the rosistanco of one 
of them ho 2/^. Lot also tho average resistance of a mercury-cup bo 2r. 
Thon wo got for the addition to ;J(/3+y + 34-e)» 

l(264-10r) + 6 + r, 

for the addition to a 26-h4r. Ilcnco a —^(/3 4*7 4-24-f) >8 loo great owing 
h r 

to tho connexions ^7 2'^2 

Various exiierimonta wore made to find tho value of 6-fr, and all gave 
very nearly tho some result T he follon mg is a specimen •—A copper Ik>w 
very slightly longer than tliost* in tho connexions was inserted by menus of 
an additional mercury-cup, first on tho right then on tho left of tho bndgo, 
tho readings were 6032 and 4082, tho difference being 50; 

...2(6-|-r)=:60, 

b r 

••• 2 + 2 - 12 . 

The correction vos actnallj token to be 10. 

Limiti of Tmjperature MlffteU. 

Tho coils irero arranged for a muUiple.aro experiment; the balance was 
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taken at 3^ 26 iho battery was then throwji in and kept in for about a 
quarter of an hour with the following results — 


h m 

t3 25 
3 35 
3 42 


6007 

6020 

6022 


Tho rcofhng thoroforo increased by 15, the greater part of incroase Utking 
place in tho first iO iiunutoa Anothei eenca of experiments were made with 
Hinglo coils against single, as follows — 
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lloducing these oxi>crimonta by tho formnli given above w get 
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Several xmpoitnnt inferences may be drawn from these experiments 

1 Tho difference of resistance between the middlo coils decreases ns tho 

tomporatoro incroaseB, and that so regularly, that the value of D may bo used 
ns a sort of thermometer, indicating how nearly these ooils ore kept at the 
same temperature dunng any seiics of oxpenments This fact shows tho 
propriety of using tho appropnate >aluo of D for each case in our reducing 
formula instead of tho average value I V 

2 The coils 4 and 6 possess the same property, thoagh in a loss degree 

8 The ooils 1 and 2 possess this property to a very slight extent. 

4* The greatest e&cl that could be proauced in a reasonable timo on tho 
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differaiM between 2 and 3, by heating 2 and eompanng it with 8 soaroely 
heated, if at all, was 16 

The above peculiarities suggested to mo to make a set of experiments on 
the plan of keeping the current going as much as possible. It was hoped 
that thus a certain hmitiiig state, as regards temperature, would be arrived 
at, which from the construction of the coils would m a groat measure be 
independent of small vanatiQns of temperature m the ezpenmontuig-room *. 

This method of proceeding would not introduce any error in the oom- 
panson of single coil with single, and the error introduced into multiple-aro 
experiments would bo regular and could be allowed for Iho last of the sots 
of experiments given below was conducted on this plan with satisfactory 
results 


Tabular Scheme of best Expenmonts. 


Single Coil With Single | 

Mulhple Arc 
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BC 

LO 

X 
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Single 
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X 
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2 

2 

1 
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Stfirling fresh and work- 

1 

ft 

tt 
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ing quickly 

1 

3 


4921 







2 



5136 

214 






2 

4 

3 

6074 







1 

ft 

ii 

4862 
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1 

6 

4 

5040 







2 

M 

If 

5256 

200 






2 

1 

6 

4073 







1 

11 

1* 

47fU) 

213 






2 

2 

1 

5228 


1 

1 

6000 


The multiple-aro experi- 

1 


ti 

5011 

217 


,, 

6223 

223 

inonts were started oWi, 

1 

1 

5 

4708 



5 

6035 


battery reversed, but no dif- 

2 



4082 

214 

1 

n 

4810 

225 

ferenoe found. The single^ 

2 

6 

4 

5250 


1 

4 

4«I0 


coil expemnonte followed 

1 


ft 

6030 

211 

2 


6180 

220 

some httle time after, some 

1 

4 

3 

4861 


2 

3 

6106 


expenmenU with cups and 

2 1 

M 

It 

6078 

217 

1 

II 

4801 

215 

bowa haviiig been made in 

2 

3 

2 

mSSSM 


1 

2 1 

4802 


the intorviu 

1 

tt 

n 

4925 

215 

2 

II 

6110 

218 


2 

2 

1 

52S8 


1 

1 

6024 


These experiments were 

1 


»» 

5028 

200 

2 

ft 

6227 

203 

worked slowly, the current 

imM 

n 

6 

4771 


2 

6 

6032 


being kept on as much as 


II 

II 

4072 

201 

1 

II 

4826 

207 

poemble The smele-coil ex- 

1^9 

H 

4 

5238 


1 

4 

4963 


penment* came first The 

1 


ft 

5038 

200 

2 

It 

6170 

207 

last line gives a control ex¬ 

1 

4 

3 

48A1 


2 

3 

5089 


periment The correction 

a 

It 

If 

6067 

\m3SM 

1 

It 


205 

for magnetic field was for¬ 

2 

3 

2 

5143 


1 

2 

4906 


gotten in the multlple-aro 

1 

tt 

ft 

4036 

208 

IM 

It 

6108 

203 

expenmonts, and in oonsa- 
quence 4 must be added to « 










1 

2 

1 

5024 


IBI 

1 

5228 


Uirougbout in the second set 


* No ipeoial means of Im^ping the double and quintuple ooila at a constant temperature 
WM FMOirted to. The object was not to find the reristanoee of the colls at any definite 
but to oompare them under the so^ae droumstanoei ■■ rmrde temperature. 
It was therefore thought that any attemnt to surround the ooils with water, £o would 
introdnee greater errors than would arise from small variations of temperature in the room 
der^ Che experiment 
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Bcduction and Corapanson of the foregoing Exporimonts. 
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Tho third colmiiU gives 
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4021 
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tl»6 values of a —/3, 

\\ 
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t!io fourth tho valiiow 


20U 
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1 
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of a —/3, a —y, a — ^, 
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1 
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Tlie seventh and eighth 
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'A 
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21511801 
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/■J —i(rt-(-y+ti+«), &o 
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+ 98 
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4708 
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1 

2254810 

-223 

-191 
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nbsorvwl in luultiple- 










aro oxi>enraonU, and 
oalculal (*<1 from the 
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1 

1 
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\alurs of a~(3, a - y, 
Ao before found 
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5028 

1 

1 +204 
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5028 

+197 

+217 
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Tho last column givee 


20S 

40X1 
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- 41 
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the excess of the ob- 



mi 
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100 

2 or 

4888 

~ 81 
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- 11 

Horvod over tho calcu¬ 


2ix: 

5008 

1 +224 

;j30 

207 

4907 

+ 79 

+ 85 

- 0 

lated vnluoB of 


(201 

4771 

-309 


20t) 

4820 

1 -197 

-195 

2 

* o-l(/3+y+*+«).&<“ 



+ 21 




- 43 


- 42 



N H —In Uio lo^t set of expenments 52 used instead of 58 as the bridge correction. 


The first thing to remark i8 the smallness of the sums of a—/3 —y, 
y —3 —€, f—a, 08 found from single-coil experiments, the sum is theoreti¬ 
cally zero, and tho largeHt deviation is about 20, which divided by 6 gives 
only 4 tor the average error of a dotonmnation. Here no error from want 
of symmetry comes in, and errors from irregular temperature cflFeots very 
nearly balance each other. 

In tho next place, taking tho multiple-arc oxpenmonls of series No 2, we 
soe that there is a deviation of tho observed from tho calculated values of 
a-|()3 + y + 54-e) which averages 26, and here, from tho way the experi¬ 
ments were conducted, tlio temperature disturbances are probably verj^ small. 
Again, toko the multiplo-aro experiments of senes No. 3. Here, from the 
manner of expenmenting, the temperature effects w\ll appear. We found that 
tho greatest effect wo could produce on ono of the coils in a reasonable time 
Was about 16, sup^xising that the whole of this was manifbstod m the 
single coil, we should get a quarter os much in each of tho coils m the 
multiple arc (because the current is halved), that w, we have J of 16 alto-^ 
gethor in a-^(/3H-y+3 + e); this necessitates a correction of about 10 to 
be subtracted from the observed values. This is clearly the maximum 
correction, for after the first experiment wo turn into the multiple-arc coils 
that haro already been fully heated. Supposing, however, that we apply 
the fan correction in each cafle, we get for the average differenoo —18. 

This doyifttion is in the direction indicated by Schuster’s experiments, but 



48 


ftKPoaT—1876. 


it iH excewively Bmoll • suppose we call it — 20 for conveuienco of calculation \ 
this corroeponds to the frnction 

But tho whole donation is probably introduced by somo slight defect in 
the apparatus, and part ut least can be accounted for ; for it occurred to me, 
in looking over tho reBuIis quoted alxivo, that a defect in the insulafaon at 
tho divided cup would partly account for such a deviation. Suppose that 
tho divided cup ofterod a very large, but not infinite, reeistanco f to the 
passage of tho cun on t, then iho single coil in multii)lo-aic exponments would 

bo replaced by a mnltiplo urc of resistance Il\ ulioro ^^-i = 


Ilcnco 


11 * = 30- 


30 ^ 




Now let iiH find what f must bo to givo a deoreaso of 20 in oin* ohser\rd 
value of «- -1(/^+ y+ t) f 0 • 


30 ^^ 20 ^ 
/=G,000,(100 


that IS,/*=(! megohms Curiously enough, when I pioceedod to measure tlu' 
insulation rosiatanco of the divided cup it camo out very nearly 0 megohms , 
but tho insulation rcsiatanco between any two of tho leinaimng cups was 
found to bo about 12 megohms, which reduces tho correction somewhat, Tho 
complete solution of the problem would be complicated, but we maj approxi¬ 
mate by conaidoiing oath of llio coils iii the multiple arc replaced by a 
multiple arc whoso aims are 30 ohms and 12 meghoms respectively; this 
requires that /J, y, 5, e should each bo icduccd b} 10. Honco tho whoh* reduc¬ 
tion in n — :}(^-|-y + 5-h€) would bo on tins supjxisition 10. It would really 
be somewhat less; however, this would nlmoat bring tlie deviation between 
observation and calculation within tho limits of experimental error. Any 
remaining difieronce is probably duo to a defect in somo mcrcury-cup in tho 
multiple arc, for there being more there than on the otlior side of tho bolonoo 
the chance of a defect la grenf-or. 

It ought to bo mentionod that tho insulation of the quintuplo coil woa 
tested, and found in every case to bo of a higher order of magnitude than a 
megohm. 

Some time after tho scries of experiments just described, I dismounted tho 
mercury-cupa from tho stand, which had moantimo boon carefully dnod on 
tho hot-water pipes m tho laboratory. Each cup was romountod with a 
piece of gutta poroha lictwcon it and the board ; and tho divided cup, which 
was found radically defective, was replaced by two mercury-cups on separate 
pieces of insulating mntcnal. Tho insulation between every pair of cups was 
then tested and found in ovoiy case of a higher order than a megohm. 

Tlio experiments wore then repeated with tho altered stand. Tho sonsi- 
bility of the arrangement was about the same as before, although a loss 
electromotive torco was used (10 colls). Tlio results wore much tho somo 
os before, except that the sum of tho values of a—.|(/3 + y-h^-f e), Ac. was 
now much smaller, two expenmenta giving -31 and —34, Dividing this 
by 5, wo got —0 for ihe average deviation, which is very small. Tho fact 
that wo fltiU get a result in the same direction shows that this is not an 
a^fTidontnl oiror; but it might very well be accounted for by somo of tho 
BUj^positions mentioned alro^y. It might also arise fiom over-correction for 
symmetry* 
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On iho whole, thorofore, wo cannot conclude that there was any deviation 
from Ohm’s law under the ciroumstances of this exporimont. It is hardly 
worth while to estimate the value of this exi>oriment quantitatively, aa the 
Bocoiid expcrunout now to bo doscribed is so for superior in this respect. 

Sboond Expbbi^iknt. 

Inlroditctiorij by Prof. Maxwell. 

The scivu’o rendered to clectiical hcienco hy Dr G S Ohm can only ho 
n/flitly es tuna tod when wo compare the language of llioso writers on electn- 
city who w ere ignorant of Ohm’s law with that of thoso who have understood 
and adopted it 

liy Iho lonnor, cleotiie currciiU aio said to vary as regards both their 
“ qu Lnti(> ' and tlwnr “ intensity.” two qualities the nature of which was 
veiy impc'ifoLl) e\pl lined hy tedious and a ague expositions 

In the wiitings ol the lattoi, after the elementary terms “ Electromotive 
Force,’’ Strength of Cm rent,” and “ Kloftnc llesistaiife ” have been dollncd, 
the wliole doctiine of curzents becomes disluiLt and plain. 

Ohm's laAv may bo stated thus •— 

The electromotive force which must act on a homogoneoua conductor in 
order to maintain a given steady cunont through it, is iuiinen< ally equal to 
the product of the resistnnco ot tin* f ondiictor into tlie strength ol the current 
through it If, thciefore, wo define the resist.nice of a conductor as Iho 
ratio of the numerical value of the eloclromotuo force lo the iiumcneal 
value of the strength of the cniTcnt, (linn’s law asserts that this ratio is 
constant—that is, that its value does not depend on that of the oloctro- 
motivo force or of the cuiront 

The resistance, as thus defined, depends on the nature and form of the 
conductor, and on its physical condition as reg irds tempciaturo, strain, &c.; 
but if Ohm’s law is tru(‘, it docs not depend on the strength of the current. 

Ohm's law must, at least at presold, bo considered a purely ompmoal 
one No attempt to deduce it fioni ]mro dynamical principles has as yet 
been successful; mdoed Webor's latest theoretical in vest ignt ions ♦ on this 
suhject have led him to suspect that Ohm’s law is not true, but that, os the 
electromotive force inci oases without limit, the cut rent iucroascs sloAver and 
Blower, so tliat tho ‘ resistance,” ns defined by Ohm’s law, would increase 
with the electromotive force. On tho other hand, SchuBtorf has described 
oxponments which lead him lo suspect a deviation from Ohm’s law, but in 
tho opposite direction, tho resistanco being smaller for great currents than 
for small ones. 

Ix)rentzi, Leyden, has also proposed a theory according to which Ohm’s 
law would coaso to bo true for lapidly varjing currouts Tho rapidity of 
variation, however, whicli, os ho supposes, would cause a perceptible deviation 
from Ohm’s law, must bo comparable with tho rale of vibration of light, so 
that it would bo impossible by any expenmente other than optical ones to 
tost this thoorj. 

The couduction of electricity ihrougb a resisting ractlium is a process in 
which part of tho energy of nn elcetnc current, flowing in a definite direc¬ 
tion, is spent in imparting to tho molcciiks of tho medium that irregular 
agitation which wo coll heat To oalcuhito from any hypothc'sis os to tho 
molooular constitution of tho medium at what rato tho energy of a given 

* Pogg Ann 1875 t Eoporl of Bntwh AMocintion, 1874, 

X Oror do Tenigkaatung on Broking van hot Licht. Leideti, 1875. 
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current would bo spent m this way, would require a far more perfect know¬ 
ledge of tho dynamical theory of bodies than wo at present possess. It is 
only by exponmont that we can ascertain the laws of processes of whicli wo 
do not understand tho dynimncal theory. 

Wo therefore dofiiie, as tho resistance of a conductor, the'ratio of the 
numerical value of tho electromotive force to that ol the strength of iho 
current, and we have to determine by experiment tho conditions which affect 
tho value of this ratio. 

Thus if E dcuotes the electromotive force acting from one electrode of the 
conductor to the other, 0 tho strength oi tho cuirent flowing through the 
conductor, and K tho resistance ot tho current, ha\e /\f/ d^Jhiifion 



and if II 18 tlio heat generated in the time f, and if J is the dyntimical equi¬ 
valent of heat, wo have by the principle of conservation of I'ucrgy 

jn=Etv=i{C3/=-^^ t 

The quantity 11, which wc have defined as the icsistanco of tho conductor, 
can he determined only by experiment. Its value may therefore, for any 
thing wc know, bo aflocted by caeh and all of the phjsiciil conditions to 
which tho conductor may be 8ub]ectod. 

Thus wo know that the resistance is altered by a change of the tempciature 
of tho conductor, and also by mechanical stiain aud by magnetisation* 

Tho question which is now before us is wht ther the current itself is or is 
not one of the physical conditions which may affect tho value of the resist¬ 
ance , and tins question we cannot decide except by experiment. 

Lot us thoreforo assume that tho resistance of a given conductor at a 
given temporature is a function of Iho strength of iho current Since the 
resistance of a conductor is tho same for the same current in wluchover 
direction tho current flows, tho expression for the resistance can contain 
only even powers of the current 

Let ua suppose, therefore, that tho resistance of a conductor of unit 
length and unit section is 

r ), 

whore r is tho re'^istanca corresponding to an mfinitcdy small current, and 
r 18 tho current throngli unit ot section, and 8, s' &c are small coefflciontfl to be 
dotemuned by experiment Tho coefllcienfs s, s' S:c represent tho devia¬ 
tions from Ohm*s law. If Ohm s law is accurate, these coofflcients ate zero ; 
also if 18 the clectromotire force acting on this conductor, 

e=:=rr(l+sc^ + 9'c^-h&o ). 

Now lot us consider another conductor of the same substance whose length 
is L smd whose section is A; then if E is tho electromohvo force on this con-^ 
dnotor, and « that on unit of length, 

E«L€. 

Also if C bo the current through tho conductor and <; that through unit of 
area, 

Cn Al?« 
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Henca the resistanoe of this conductor will be 


■'=s=^( 


<»■/. . »c» . s'C* ■ 
i ‘+ A-- + A +*' 


Now let us Bupposo two conductors of the sanio maioniil but of difTeiont 
dimouBions nrmn^od in series und iho snmo curronfc passed through both 

11, ('+A,‘ +*')’ 

whore tho suflUiM mdieato to whidi conductor tlio (jiuinlities belong The 
ratio of tho resist iikos is 


Itenco if OhnrH la\\ is not tmo, and if, thorofoie, niiy of the quantities s, s\ 
tUc have sensible Aaluea, tho latio ol the resistmcos Aviil depend on the 
strength of the cm rent 

Now tlio ratio of two resiatances may bo measured with groat accuracy 
by means of Wheatstone’s bridge. 

We therefore arrange tho bndg(‘ so that one branch of tho current passes 
first through a \er^ fine wire a few ceiitinietrob long, and then through a 
much longer and thicker wire of about the Bnmo lesistance The other 
branch of tho current pa.ssea through two rcHistaucca, oijnal to each other, 
but much greater than the other two, so that very little of the lieatiug-offoct 
of tho current is produced in these auxiliary' resistances 

Tile bridge is formed by connecting tho electrodes of a galvanometer, ouo 
to tho junction of the fine wire and tho thick one, and the other to a point 
between the other two resistances 

Wo have thus a method of testing the ratio of tho resistances of tho fine wire 
to that of the thick one , and by passing tlirough tho bridge Bometimes a feeble 
cunent and sometimes a powerful one, wo might ascortam if the ratio differed 
in the two easos 

But this direct method is rondorod useless by tho fact that the current 
generates lieat, which raises tho temperature of both wires, but that of the 
thin wire most lapidlj , and this makes it impossible to compare tho offecta 
of strong and weak currents through a conductor at oue and the same 
temperature. 

It iH also u It loss to work with weak eurrenU, as tho effect depends on 
tho s^^uare of tho current, and is bo small as to have escaped observation m 
all ordinarj' cxiioriments. 

Again, if wo w^oro to uso a sjnglo very strong current acting for a very short 
time, we should not bo able to observo tho galvanometer in a satisfactory 
manner. In fact it was found in tho experiment that cuirents which lasted 
for a sixtieth part of a second produced ft heating-cffoct which interfered 
with the measurements Tho oxpenmont was therefore arranged so that a 
strong current and a weak one were passed through tho bridge alternately ; 
and when ihc bridge was so arranged that the galvanometer was in oquili- 
bnum, the direction of the weaker current was reversed. K Ohm’s law were 
not true, the condition of equibbnum for strong currents would bo dilFcrent 
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from that for woakor ones, so that when the weak currents wore reversed 
there would ho no lonpicr oquihlinuni Since, in point of fact, the reversal 
of the weaker currents did not affect the eqUilibnura, it follows that the 
bndgo was in cqnilihriinn foi tlio Avoakcr euiients as ivcll as for the strongci 
ones, and thorctoie the conditions uoro the sumo for both, and Ohm’s law 
la true to within the limits of error of the cxpenniont. The mode in 
which the act mil strength of the currents was moasured and the limits of 
error ascertaincid, arc described in the following llepoit by Mr. Chrystal, 


llcport Oil ihe Second E^rpi}ntnLnt By G CiiuxsrvL. 

Ab bus been pointed out by Professor Maxwell, the change in the apecific 
rcBistaneo of a linear conductor, it llierc be anj such change owing to increase 
or decrease of tho current, \v ill depend on the amount oi current that passes 
through unit of area of its Bcction , bo that if C bo tho whole current passing, 
r the spociftc resistanco for infinitely small current, I the length, w tho section, 
and h a constant depending on the nature of the conductor, then the resis¬ 
tances of tho conductor w ill be 



or if Bbo the resistance for infinitely small ciiiients, 11 



It is clear, tboTcforo, that by making up a r obi stance of vlt) fine wire, say 
T?uir of an inch in diametci, any such elTi'cl as that wolmvo been hxikirigfor 
would bo greatly multiplied Accordingly the following cxponnient, tho 
principle of which is due to Professor Ma\u ell, was undcHaken by tho writer 
of this Report. 

The figure re[)rcscnts a WbeaiHtonos budge, in which tho roaistancoa AB 
and BI) are each equal to a (lu tho actual 
experiment 30 ohms), AC a resistance made 
up of a thm wire whoso rohistniico for in¬ 
finitely small currents is R (this we supjio^o 
to bo duly oorrccU'd for temperature, as u ill 
bo explained by-and-by), and partly of a 
length of the thick platinum-iridium wue 
of tho B A. bridge, whoso rosistancc is » 

CD consists of a resistance conqiosed of tbu k 
wire equal to R, and of tho rest of Iho 
bndge-wire, uhoso rcsibtance is ? —.e 

With a current C, w being the scclion of 
fine wire, its resistanco is = R(1 
where 

h 

It bo the approximate resistance of tlicwliolo bridge (wo suppose 

that there is ncaily a balance), B that of the battery circuit, then E being 
the eloctromoti\ o force of the battery, 


Fig. 5. 


u 





• The sign of A is choson according to Schustor’s suggostiort* 



ON LAW. 


53 


ihon doiioling tluj (kleimiuani of ilu system of icniMtaiicos (bcc Mvv- 
^^uU'i ‘ I Icctricity, \ol i p J)*)),'tto hi\o / donotnig tho cuiitat lu tho 
g ilvanomoter, 

‘.+ii/.rL'} . (1) 

1 lom (1) vt follows it 0 net tliat tli gieater L the fuitlur to (ho right tho 
h ll IIK ( ^\lll he plOVldtd Jh >0 

I t us n>\v, instead of ktejjmg up in elcctiomotiM foice 1 const intl}, iiml c 
HI lit 11 nation some him Ire d tune a seeond bi ti\ei n an t lec(ronioti\e fiico 

I ml 111 i U ctromotive foiee i/J * tin n supposing c ith to ope i Uo for an equal 
lime, tho winlo cuueiit through the gilvanomcter is guen by 

n - 0 ( 14 -y)b \i+y^)} ( 2 ) 

if the electromotiM force has in both cists the samo direction, and by 

i/=jlu^-20(i-y)i +%mi-y>)} ... (^) 

II the directions iro opposite 

It a])[H3dis, therefore, os m w obvious without falcuhition, that tho values 
of 'i wliieli give 1 liilaneo are iieithei tho same in the tw^o c ise« (2) and ( J), 
nor equal to that in the oisc of either eleetioirotivo forco acting continuous]} 
In fact tho balance is an apparent one if jin, bo >0, duo to tho fait that wo 
are in case (2) as much under tho balance for tho larger cleetromotive force 
effect on tho galvanometer) as we an over Hi it lor tho Hinalh r, so that 
the needle is kiekc I equally this way and that so rupidly that it remains still 
Similar icasoning would show that tho balance for case (3) lies most to tho 
light of all In f let tho v dues of i aie — 

Sinallei ehetromotivo force alone i ^}, 

Case (2) a = 2 + —V + y 

larger olcctioraotno fone alone i = ]{Z+ 

Chso (3) i = i {Z+ll^PXl4-2/4- 

which are CMdcntl) in nscencling older il i/ bo <1 

Hupposo now wo find the balance for ca^o (2) and then levcrao our smaller 
(Icctromotuo foieo the holanec being thus disturbed, there w ill bo a onrront 
through the galvanometer and in oidtr tooxpeiimeut at tho greatest advan¬ 
tage this must b( made a m iMmum 

bubstitutiug the second of the above values of a m formula (}), wo got 


.(4) 

wlmh is a maximum as fir us ?/ is concerned when 2/=ii; the value of e/ 
being then 

allP^E^ 

4^ . • . .(5) 


Ihe advantage of this method of experimenting is that it ehmiimtos to a great 
extent tho tomporaturo effect, which is similar to tho effect wo nro looking 
for, except tliat it depends on tho time, which tho other probably would not 


N B In what follows y is supposed <: 1 
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do, and it is of course opposite m direction. If wo make our alternations 
quick enough tho wire will not cool scnaiblj' during tho Bmallor current, nor 
heat sensibly during the larger, but will settle down to a moan U*mperuturo 
between that due to the larger and smaller rurrents. 

In the aliove calculation wo have supposed tho resistance of. tho fine wire 
for infinitely small cuiientu to be that corresponding to this mean tempera¬ 
ture, which will bo constant throughout the expenmont piovidod the electro¬ 
motive f 01 CCS do not var}. 

If, however, the alteinalions are not quick enough to ensure temperaturo- 
eqmlibnura, then the thin wire will lie hotter during tho passage of the larger 
curient than it is dunng that of the smaller; and there will bo an effect 
opposite to that we aie looking for, a result which appeared m many of tho 
cxperiimuits 

The experiment proved very difficult in practice, chiefly owung to tho diffi¬ 
culty cxpcncncod in getting a good alternator, and it was onl) utter a great 
many tolal or partial failures that any thing like success was attained. A 
sketch of the pi ogress of the expenineut, with an account of the more im¬ 
portant difficulties, and how they weio finull} avoided or overcome, may bo of 
some iTitcrcbt 

In the first place tho galvanometer indications in a Wheatstone's bridge, 
arranged as above drsonbcKl, are somewhat peculiar 

Buppose w^o arc somewhere near a balaueo for some temperature of tho 
thin wire above that ot the room , then on turning on tho current there is a 
sharp kick m one diiection, say to tho right, then n slower hut still tolerably 
quick swing over to the left, and then a gradual subsulenco back to zero or 
thereabouts, which may lust for half nu hour or longer. If this were due 
solely to variation in tho resistaucc of tho thm wire tho curve of time-roBia- 
tanco would bo of this nature— 


Fig. (h 



It had been found that tho thin wire was very sensitive to air-currentfl, 
merely blowing towards it from a considerable distance sending the spot off 
the galvunomcter-scalo, in fact to get any approach to steadiness the wire 
had to bo enclosed in a box, and latterly it was enclosed in a narrow tube, 
and that again loosely rolled m a silk pocket-handkerchief, and the whole 
onclosed in a box It was thcrefoio at first suspected that tho peculiarity in 
question was duo to air-curronts ; but some experiments, with the w'lre m an 
exhausted tube showed that it was duo to some other cause This cause was 
found m tho slow heating of the thick wire against which the thm wire 
^ balanced , and some obvious oxponmente were made oonflrming this con¬ 
clusion *, 

^ The behaviour of tho galvanometer is therefore oiplamed m thw way —The first sharp 
short kick is due to the fart that before tho thin wire isneated its resistance is mucib smaller 
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Thio slow variation of tho balance was somotimcs nvoided by lettinp; tho 
bitUiios work until it had diod nwny, and sometimes it allo\\od tor by 
suitably an anting the ordei of cvponment 

As it was of ccnsidtnblo importance to havo a battery which could bo 
rclud on for oonstancy for some tiino, six largo Dainells wore charged for 
tho purpose They \\crc cells intended for a Ihomsons batter}, but w(ro 
fitted up for convomonco with copper plates 18 inches R(ju ire, upon which 
was strewed sulphite of coppei, A\hieh again wis covered witli i thin lajer 
ot sawdust inoistonod with zinc sulphitt, and on the top of this was placed a 
hoav} grating ot /me Iwo plica were made consisting resptetutly ot lour 
and two f those oloments, and were used in most of the experiments The 
internal itsistanco of these piles lan to about 4 and t3 ohms respcctivolj Ihc 
oleotiomotiYo force was ropeatcdl} tested durmg the expenments 

4t first a Moibo ko} woiked r ipully by the hand was tried for an alter 
nator this method, though loading to no dciimto results, seemed to show 
tho possibilit} ot succ( ss iheu a rotating alteniator driven b} hand was 
tned, hut li was found that tho results though much bitter woio still very 
much disturbed by the im gubiril los ot the dri\ing Next a routing alter¬ 
nator was male b} Afr (j unott and fitted to a Jen! ms g()\oinor this also 
alter ro])eated trials was gnen uji, themun difiioiilt} being tbit ot getting up 
auffioiont speed without introducing so much lesistiino as to go beyond tho 
raugo of the go\< inor Homo ol the results got with tins arr ingiment weio 
tiurl) good, liowo'vti, and wall bo given below In tlie an lugement adopted 
in the final experiments the alternation wis managed by means of a pair of 
olootnc iuning-toiks lor the use ot these dining the Tout term T am in¬ 
debted to the kindiiosa of l)r Michael loster 

J inal ) auffiincnt 

Ijg 7, p j(f, gives a seh/me of tho final iirangement AB is tho 
bridge already mentioned in tho lleput 1 (iC is Ibo galvinomtUr circuit 
Between D and L an 1 1 and 1 are inserbdtwo icsistancea ol ohms 
each W is the tine wiic II a coil of thick German silver wire of resLstanco 
nearly oiiual to tint of the fine wire K i smill rcsistauco-box from which 
twontioths could bo got, tho fin il adjustment being ol course^ made by moving 
tho block C D IS connected with the stem of tho tuning-fork IHl, whose 
prongs uro oiuh provided with a dippoi, and corresponding to the dippora 
are two mercury cups whoso heights are adjustable M and N are the piles 
of four and two Daniells O is a commutator, b} means of whieh tho smaller 
battery can bo thrown in either way, or thrown out altogethtr os desired 
One terminal of the commutator goes to tho cup T, tho other to T The other 
cup, 8, IS connoctod with ono p(»lo of tho largoi battery, tho other pole of 
which ifl connoetod with F thiough a koy, J, by opening or closing which tho 
battery M may bo thrown out or in at pleasure The rest of the figure re¬ 
presents an auxiliary battery,tl, whoso eiromt goes through another fork,VW, 
working a brook at W, and through tho electromagnets of tho forks V W 
and PQ This latter battery and fork therefore simply drive the fork PQ 


than that oorroipondmg to a balanoo, tho quick swing m the opposite direction is due to 
the sudden nse of temperature oaiwing a oorrespouding increase of resistance, the slow 
rstum moTeraent is due to the inoreaee of tho baUnomg resistance owing to the gradual 
devel(^ment of heat in the tbiok wire 
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Tho action of PQ is obvious. When tho prongs approach carh other llio 
upper dipper is deprcHsed into the mercury in K, while tho lower dipper is 
raised out of tho mercuiy^ in T, so that tho current of tho larger buttery 
passes, and vice versd when tho prongs sopurate; and it is easy enough by 
throwing a galvanometer in lustcad of ouo of tho battciios, and then sotting 
the fork going with the other on, to adjust the break m such a way that there 
IB perfect indcpoiulcnce between the two currents This tost was in fact ac¬ 
tually applied oitlior at tho beginning or end of each set of experiments. Wo 
have thus altcrnatoly sent through tho bridge certain definite fracUons of 
the whole current due to tho largo and small batteries. What fractions these 
arc will depend on the nicety with which the break is adjusted (with perfect 
adjustment it would be ono half of each), and also on tho state of tho mercury 
surfaces and of tho dippers. As may bo imagined, tho main difficulty of tho 
experiment lay in getting tho dippers to work properly, Sovenil sorts were 
tned; plain copper anndgamated was found to act fairly well, but broad 
spade-shaped pieces of platinum-foil answered on the whole best The sur- 
faoo of the mercury was covered with spirit, which is effectual so far in pre¬ 
venting the spoiling of tho surface; but ultimately tho cups get clogged with 
finely divided mercury, and then all regular action is at an end. It waa 
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f unci, however, that with somo care tho break could be got tow oik long 
L lough to allow ot good results being obtained 

On account of this gradual alterition of tho break and for other reasons 
as well, it was of \ital importanco to bo able during the experiment to obtain 
OHIO mcasuio of the amount ot eimeiit that pabsed as lepiobcnlaUvo of the 
I irgo and ‘-mall curient le'^pcctivcly for tho cxpciimcnt would obviously bo 
nugatoiy it, inwte id of tho sinnlici current being iicailj halt tlu laigt r, 
it bocamo, owing to dclcnoiation of eontact in the cup S t(pi d to wlmt ought 
t) be the largei current io provide for tins the expelimcnts were conducted 
IS follows —ihe babineevias iuund whether ior laigor cunents ahmo or 
smaller idoi (acting diiccll^ or witli the tori going), or Ici Icth teg thor 
in tlic same or in opposite diucti ms then tlu block w is m \ed us quiekly 
as possible d ccntmiH liom tlu position of balance, ind tlu deHcction wlueh 
then appeared was read off this letlcetion is ippioximatel} ] roportion il to 
ihe current Knowing then the elcetromotivo fjiee of eithei hatteij audits 
inteinil resistniut, ono could not only tell wluthci tho eui rents w ero passing 
noaily in the right prcpoition hut idso (stimate n uglily liow iniieh cuircnt 
absolutely passed in each c Lh( In Rome of the best experiments a more ac¬ 
curate method was adopted — Iho point was ^ ut toeaith an 1 Iho point 
1 connected b^ menus of a long iiihulih d wiie with ( no pan ot 11 c (puieliauts 
of a IhoniRon s clectioiueter m tho fl it ot the Hhoiatoi) below the loom where 
tlio (xpeiimcnt was earned on tin ethoi pui ot qu idi mis being ‘put to 
oirth,’* the defloetioii obsel^ed on tho clettiometei scale w is a diiect mt isuro 
of tho electromotive foieo between D and 1 —that ib, of the i]uantit) denoted 

abo\o by 

llofolo gmng tho quantitativo icsulte obtained fiom the most sjitisfactory 
experiments, it maybe well to oxilam tho pnncipli on which tlie sc have been 
Bcleetcd from tho othcis In nil tho experiments quoted tiuie was eithei 
something remarkable, huch as a high battery power, &c , oi elso the balincos 
were obtomed under yerj fa\oiirablc circumstaucoM, ilio spot of light being 
very steady, and tho piopoitions ot current passing, as indicated by tho 
Bensihiktics* or electrometer measuiemcnta, being near the theoretically host 
amounts. Often where tho hi oaks x\eie not working salisfactonlj, by work¬ 
ing quickly a qnalitatiYo experiment could bo made, the behiviour of tho 
galvanometer indicating to an observer practised m tho expoiiment that tho 
]uoportions of current passing weio not far wiong and often pirt of an 
txponmont could be made perfectly satisfictoiil}, and then tho vpparatna 
xvouldgo out of order But in all tho expenmouts, wheiuxir tho results wero 
at all intelligible (regulai), tho conclusion pointed to never difhicd from that 
given by tho host oxpeiiments, vi/ cith<i tho balance for tlio currents in 
ojiposito direction lay more to tlio loft than that for tho ouirents in the same 
direction, or the two coincided Of this tho observer spared no trouble m 
axaunng himself oven in expeiimeiits that were quaiititutiv clj utterly valuo- 
loss 

Ihe first sot of expenmouts quoted, whuh are not of much value quan¬ 
titatively, may sorvo to illustrate what has just Leon said In this set the 
time IS given because tho oxpeiinionis were made during tho slow heating- 
effect already alluded to Iho spot of light was not pcrfcctlj stoadj, though 
much atoodier foi tho -|— holancos than for the others, the bndge-roadiiig 
IS given to tenths of a nulhniotro, though of course in the prebent case for 

* The deflecUon due to nx oeatunetree de?i»tion from bolanoe is oalled the seusibility 
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the + -f balauoea accuracy to lew than a miUimetro was not attained. The 
ftltoriiator was tho rotating pioco made by Mr. Oamett, driven by the 
governoi, which, judging by the legulnnty und smallnesa of the oaciUatious 
of ita br.iho-Avhed, uout very unifurnily during tho whole cxperiTncut Tho 
ruto of lovolutiou waa about three luma (cauaing oa many alternations) 
per Bcoond. Tiio sonsibilitios for -j- -h and + — wero respectively about 150 
and 45 during Iho experiment, ko that tho laigo and small currents would lo 
jiroportionul to about 07 and 52 lespectuf ly T'he fine wire Avas a small 
length of Gorman-silver wiio in. m diameter, whoso icsistauco was 
about 7*5 obms, and the conuter-balanf ing rcsistaneo was 7 3 olims, taken 
entirely from the small lo^ist ince-box. Tlio governor being started, tho 
hattenos were sot on at 4 t» 
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It will be Been that with somo litilo irrcgulanty tho balance ou the whole 
went steadily to tho right dunng some three quarters of an hour. In one 

pomt all the obsorvations agree, viz. that the 4-balance is more to the 

loft by 1 to 3 centimetres than tho -|- -j- for tho corresponding time. If All 
bo the amount by which tho average rcBistance is loss for tlie smaller than 
for tlio larger current, then taking 260 as tho difference between the balances, 
we get easily, from tho formula? given above (our unit of roMstance being 
tho resistance of miUim. of the bndge-wiro, i. r. ohm), 

250 

AR = 600 (taking y = ^). 

Now the variation in resistance of German silver being about ‘044 percent, 
per dog. Cent, we get for 1°C on 7 3 ohms a variation of about 130 m our 
present units Uenco tho aver ago tomporaturo ol the linn wire was some¬ 
thing over 1® C less dunng tho smaller than dunng tho larger current. 
Neither tho magnitude of the cooling effect nor the irregulantics in tlio 
progression of tho balance in this oxpenment is to be wondered at, since 
wo know that air-currcnts have a very powerful effect m coobng the thin 
wire; and hero tho wire was merely enclosed m a box to protect it fix>m air- 
gnets, but was otherwise unprotected. Wo ought therefore to expect very 
Httle of this effect in most of the following eipcnmonte, where tho altorna- 
jfcions were 20 times as fast, and where tho wire was enclosed in a narrow 
^be protected from temperature variations 

In tie oxponment next quoted, the alternations were made by moaiu of 
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tho iuning-forkfl, and were at the rate of 00 per second, Tlio resistanco of 
the thin wire was very nearly the sarae, and it wan unclosod m a narrow tube. 
Tho four Daniells had run down a good deal, being not quite equivalent to 
three, and tho two had viiriod m proportion Tlio rcHiBtanco which balanced 
the wire was, oxclusivo ot tho brulgo-wire, 7 25 ohmH. 
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It will bo Been that tho effect that waa ho roiinpicuoiis m iho fii-wt experi¬ 
ment scarcely appears hero at nil It was in fart so small that Us appearance 
might be duo to progresH of tho balanco in tho intcival betwreu tho five 
observations. 

In tho next experiment tho wire had a rcbistanco of about 1'4 ohms , tho 
matenal iias German silver, and tho diameter tho same as licfore Tho 
resistance agiinst which it woo lialanced was n German-silver wiio of about 
•12 centyn diameter, woniul on a bobbin, iho rcsistanro of which was 4 45 
ohms. Tho Daniolls had been ficsh charged, and ^\oro ai ranged in piles of 
four and two as usual, tho respective intornal resistances being about 5 and 3 . 
Tho small resistanco-box was on tho loft with tho thin muc 
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The exponnient is marked in tho laboratory book as very steady It will 
bo remarked that tho sonsibibties aro largo and well proportioned, for if 
wo had theoretically perfect adjustment, the sum would have bcou ISO and 
tho diiferoncG 54, as eigamst 170 and 53 Tho + 4 - balauce is of course 
much more dolicato than the 4 —, but oven for the latter (fl centimetres 
ginng, saj, 54) wo have 8 scalo-diviHions to a oontimctzo, so that we may 

roly on our 4 -balunoea to about a millimetre This oxponmont therefore 

indicates a coincidence of the two balances withiu *0016 per cent. 

A good many oxpcnnienta were tried with higher electromotive forces; but 
though Qualitative results of some interest were got, Buiftcient stoadinosa could 
not be obtained to make the results of use quantitatively. In moat of these 
tho thin wire was over a rod heat, in fact m many of them the experiment 
ended with the molting of tho wire* In general there appeared to 1^ a good 



GO 


ttEPOKT- 1876. 


(led of the effect duo to temperature oflcillationa already leftncd to In one 
cxjjtrunout in jmiticulai in \sliich a 0roves baticiy wna u&cd, with alteiui 
tiona at the rate ot onl} thiit) jei second, this effect cimc out very strong, 
the spot swinging oil Uk hcilc wlun tlic binallcr I attcr^ av is rovcrscid 

Without dA 7 clling on tlicfec, I piooccd to giAo Iho iceults tf the final set of 
oxponnients, winch wcic in c\(‘iy a\u^ h) tii the nicst silistictorv 

In the three IclJ wing c\peijments the Dnniells w (it ust d is betoro , (be 
altcmatirns were in ide by mciiiB tl the tiniing-f il s it the lato ot ()0 j) i 
second Unco amior aacio CApciimenlt d cn, a platinum, a (iciman-sil\t i, 
and an non Avire Ihe 1 ul incing resistance was tbo (itrnnn bi]\cr bobbin 
with sm ill resist inec box, which was on the left oxeept in llie second expon- 
mont, wheio it a\i s( n tl e iipht Ihe eleeliouiolive ioiee bctA^ een 13 and I 
was now louii 1 diitelh ly the ckctiomelei, us a c ntrol tho soneibilitns 
are gueii s well ISew i ide pointed platinum dijicis Avero used, and 
answered adinnably duiing tho Avliok time the cx]K.riuients aacio going on 
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In the lost set of (experiments a higher elcetromotnc force was u^cd vi/ 
four cells of OroAe and tAvo every tiling clb(3 being as bofoic Iho same thiee 
wires wore exponmented ui on, but with perfect sucei ss in the case of the uoii 
wire only In tho exponnients on the other two, ulthoiigh the el(ctrmnetci 
readings were Aery st-eudy and satisfactory, 3 ct a steady balance could not 
bo obtained stiU it coidd be seen that tho —p and -|- ^ bulanccH did not 
differ by much it bcemcd that there Avas, in tlio case ol the Geim ui sihcr 
Avne, a tending toA\ards the tlk(t wo often alluded to 
The following is tho c\ponmcnt with tho iron wire — 
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II**ing the addition il data tliat tho rosistanoo of tho metro of platinum' 
in wire on iho budge is 075 ohm, and that latimor Clark’s Standard 
Coll (1 457 volt) produces a deflection on tho eloctromotcr used of about 320 
divisions, wc got roughlj^the following results (e denotes tho olectromolivo 
• BleiJtrometer deflection for Latimer Clark i Standard = 330 
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force in volla between T) and F, i. <r. the ^ formula above; 8 de¬ 
notes the radius iii ceniimotros of the fine AVire , the other letters have the 
same meanings as before) — 



Hie formula whieli the hunt to h is calculated ib 

y AVtt^S* 

whore Ar is the di(fernnee between + 4* and -f — balances (see above). Tn 
the foul oYpenmenls discusses!, the arrangement a as abuiidanlly suflicioiit 
to indicate a difference of a millimotro, so that Av is 


<l±ohru; 



AsBuming, then, that the heating- and cooling-cffect discussed above may be 

iK^lectod, the result of (he exporimeiita is that 7i is certainly loss than 

In othorwords, if wo Imvo a conductor whose section is a square contiraetro, 
and whoso resistanco for infinitely small currents is an ohm, its resistance 
(proided the temperature is kept the same) is not dimmiahod by ao much as 

the imrt when a curicnt of a faiad per second passes through it. 

With regard to the heating- and cooling-effect, it must cvidontly bo very 
small, since it takes plact, if at all, in somotlung like f lio port of a second. 

It IS of course possible that these alternations wore nt that particular rate for 
which the two effects would balanoo each other, but whon wo cons/er that 
the tempomturos of the thiu wire were very different in tlie different ex¬ 
periments (notably so in (3) and (4) with the iron mho, where tho current 
passing was m one case more than double that in the other), and that tho 
boating- and cooling-effect must depend on tho tomperaturo of tho wiro,M'lulo 
tlio other is independent of that as well as of the rale of alternation, tho pro- 
babihty that any such balancing of tho two effects existed at nil is rtaluced to 
almost nothing Wo may therefore look on this experiment as a verification 
of Ohm’s law to tho degico of accuracy indicated above. 


Appendix. 

While thinking how to repeat Dr. Schuster’s oxperimonfs as nearly as w«a 
possible without tho command of a sino-inductor, tho wntor of tho Hopoit 




62 


REPORT —1876, 


was lod to try a third cxperimont In yerification of Ohm’s law. If there be 
a periodic variation of the pnmary of an induction-coil, the time integral of 
the olcctromotivo force in tho secondary through one complete oscillation 
will be zero , but if the vanation consist of a sharp break, altbmigh this 
law holds, }c't the om illation m tho sccondaiy mny bo divided into two parts, 
in one of which the maximum inbuisity is \ei} much greater than in the 
other. If it be tiuo, then, that a more intense tunent encounters less 
resistance than a less intense currout, dourly Iho law above stated can no 
longer hold, the law has, in fact, been deduced on the supposition that tho 
resistance is independent of the strength of the current. 

It follows, therefore, that if wo send the induction-currents from tlie 
seeondar} of an induction-coil, whoso primary is made and broken by a tuning- 
fork, thiough a helix of tluo wire to inako suie of bunging out tho etibeta we 
aro looLiug for, then the iii'cdle t)f a galvanoinutcr introduced into the 
second ir\ will bo detlodtd so as to inditatc a current in tho diicction of the 
current duo to breaking the primary 

Certain anomalons, and at first sight contradictory, results led the writer 
to study the behaviour of a galvanometei under these eircuiuhturuos Tho 
result w^as the suggestion of a theory which explained tlio anomalies com- 
plotoly, and indicated the existence of certain other phenomena wliicli were 
afterwards observed 

Tho results are, so fai ns the wliter has boon able to leurn, partly new. 
Although not of sutlkunl nnpoitaiice m connexion with llie present subject 
to ro<iiiiro detailed mention here, ya*t it was thought best to slate the results 
so far as the} bear on the (luesUou, reserving a detailed acumrit for publica¬ 
tion elsewhere * 

It waa found tluil, under tlio urciimstances indicntod above, tho indication 
of a galvanomcicr is a function of the ratio of tho stiongths of the magnetic 
field when there is no curient and wlien the ciuionts aie passing, and also 
of the iKisition of cquilibnuiu of tho neodic when there is no current. 

Theory and observation give alike, among others, tho following peculian- 
ticB:— 

1. If tho ratio of tho magnetic foieoa due to tho currents to that acting 
on tho noodle when tliero is no current docs not exceed a certain ijuantity, 
then if the position of rest of axis of the ncodlo is inclined at an angle a (< 90°) 
to the piano of the coil-windings, tho effect of the Dltoniating currents is to 
increase that angle, so that, according as the needle is deflected one way or 
tlio other by means of tho deflecting magnet, we get opposite effects 

The effect is zero when « is zero 

2. If tho abovc-mcuhoned ratio exceeds a certain value, the position of the 
noodle parallel to the windings (t c, for a = 0) becomes unstable, and there now 
appear two positions of equilibrium of cipial inclination either way to the 
cod-windings. Either of those the needle will take up and keep if brought 
there with sufflcienUy small velocity 

The greater tho ratio, tho more nearly those two positions approach to 
parallelism with tho plane of the coil-windings. 

The last-mentioned phenomenon was doflcrlbcd long ogo by roggendorff, 
under the name of “ doppclsinnige Ablonkung,” and was and has been regarded 
apparently as an unstable phenomenon, 

^0 first-mentioned form of tho phenomenon has not, so far as the writer 
knows, been hitherto desenbod anywhere. 

In repeating Dr. Schuster’s experiments by »uper]JOfling a small current 
» I’hd. 3iag [t.] voUii, p. 401. 
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of constant direction on tho alternating current^ the writer has never been 
able to dotoct any effect that could not bo explained by the above rcsultH. 
llohas not been able to ii^o a smo-indnctor as yet, so that a complete disoua- 
sion of Dr. Sohuster^e results from this point of view has not been possible. 

Tlio strong analogy of the phenotnona to those obtained by Dr. Bchustcr, 
and the fact that it has boon found possible to produce tho phonoinonon in 
three different gaUanurnctors (it is of importance to remark that the needle 
was elongated in all cases where tho effect was strong), must, however, bo 
regarded as affecting tho probability of concluBions drawn from eAponmentfl 
of this kind about tho truth of Ohm’s law. 


Report of the Cmvmiitee, romffuttvfj of the Rev. II F Barnes, II. E. 
Dresser (Soerotary), T IIarland, J E TIarting, T J. Moxk, 
Professor Newton, and the Rev Canon Tristram, appointed for 
the purpose of inquiring into the possibility of establishing a Close 
Time for the i^rotection of indigenous animals^ and for loaldnng 
Bills introduced into Parliament affecting this subject 

Youn Committee has the pleasure of stating that Mr Chaplin, M.P lor !Mid 
Lnuolnshiro, lost no timo in fulfilling his promise, announced in its last 
Report, and immediately on tho meeting of Parlinmnnt introduced into the 
ITonse of Commons th(‘ Bill for the Prescivation of Wild Fowl, which had 
been prepared by your Committee, and has been referred to m its former 
lleporte. 

in Older to aid Mr Chaplin's efforts and to explain tho objects of tho Bill, 
your Cominitteo in February last issued and extensively circulated tho 
following statoinont*— 

“The Committee dooms it expedient to offer a summaiy of its former 
Reports, and a statement of its present views, in regard to the probability 
of action being taken in Parliament during tho ensuing Session for the 
attainment of further protection of birds, 

“ It has long since been stated by the Coramittoo—and the statement is 
be}ond contradiction-—that the birds which are comprehended under tho 
common designation of Wild Fowl have, of all others, with the exception of 
Birds-of-prey, most rapidly diminished in numbers throughout tho United 
Kingdom, and it cannot be doubted that their decrease is still going on 
“ The reasons which hinder the Committee from reeonlmonding any legis¬ 
lative protection to Birds-of-prey are almost too obvious to need explanation, 
Tho Committee, while bolioving the oxistenco of such birds m certain 
districts, and m numbers which are not excessive, is beneficial, is aware 
that the contrary opinion is very strongly upheld by a large class of persons, 
and 18 fully persuaded that were it possible to pass an Act for the protection 
of these birds, it« enforcement in a single instance would give tho signal for 
an agitation for its repeal, which would seriously damage tho cause of bird- 
protection in generoL 

“ On the other hand, no charge of injuriousneSS had etor been brought— 
or, if brought, could possibly be maintained—against Wild Fowl as a whole; 
while the employment that their capture affords to a considerable portion of 
the population, and their utility as an artido of food to almost the whole 
community, render their protootion highly derirable from an economical point 
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of View Tho notonouB and rapid decrease in their numbers is to bo ascribed 
to causes that mnj bo classed under two heads.—( 1 ) ‘Indirect’ and ( 2 ) 

‘ Direct ’ 

“( 1 ) The indirect causes of the decrease of Wild Fowl are attributable to 
tho diminution of their breeding-haunts by draining, the reclamation ot 
waste lands, and agricultural improvements generally, and with these it 
would of course not only be impossible, but mamfosily improper, for tho 
legislature to interl’ero, for with them the prosperity of tho country at large 
IS inliraiteU bound up So far, then, as legards thm effects, the birds must 
take their chance 

“(2) Tho direct Cdusts, on tlie other hand, nio as plainl) capable of 
control, for thov aio at tnlm table to tlu' destruction of tho brecding-stoek, 
and chiefly by tho gun As soon ns birds pair m tho spring they lay aside 
much of llicir habitual (auiion, and Income easy victims to the gunner 
Long after tho painng-sonson lias begun our markets are jdentifully storked 
with Wild Fowl of every description, and it is obvious that every pair ot 
birds killed nt that time of 3 ear signifies tho destruction of a whole brood, aa 
well as that of its lui ending parents. 

“ Wild-Fowl hhooting gives, as has been above stated, employment to a# 
largo number of men, who make a profession of it TTioso men, however, 
are necubtoraed to cm tarn restiaints m pursuing tlieir vocation They are 
all compelled to lakt* out a giin-licenHe, and many of them are aware that 
they arc piohihitol from exercising their calling in coitain watorB and over 
certain lands Tho notion of rcstiaint to them is, therefore, not new; and 
tho Comnulteo lieboves that the most intelligent of them would gladly re¬ 
cognize tho pvoprietj of a wcll-considored niid stiingont measure, that by 
effectually jirotocting Wild Fowl during tho breeding season would secure to 
them a greater abundance at other timcfl of tho year 

“Tlio Wild Fowl, for whose protection a moio stringent measure is now 
about to bo proposed, are, it is tino, already named in the ‘ Wild-lhrda l*ro- 
tcclioji Act;’ ])Ut owing to llicn marketable value ])emg greatly in excfss of 
Iho ponaltios which that Act luesmboH—very projKuly, may bo, in regard to 
the other birds it n am os—they enjoy little or no loal protection thcroftom 

“The great success which has attended tho working of tho ‘ Soa-lhrds 
Pioflorvation Act,' in which tho penalties arc much higher than in tho ‘ A\ ild- 
Ihrds Protection Act,' oncouragos tho Committee to behove that an Act on 
iho same pnnciplo of tho former, hut applied to Wild Fowd, would bo eipially 
Bucccssful; and to this end the Committee recommend tho passing of such 
a Fill as was introduced by Mr. Andrew Johnson in 1872. This Fdl, it will 
bo remembered, was tho foundation of tho existing ‘ Wild-Birds Protection 
Act,' but wms so entirely altered in its passngo through Parliament ns to 
become useless for tho protection of tho group of birds it was at first intouded 
to protect. 

“ The * Wild-Ihrds Protection Act’ may wxdl bo left aa it Is, sinco public 
opinion was, and is, decidedly in favour ot soino such logi-^lation. Its failing 
to proU'ct Wild Fowl cfiicvently gives no room for its repeal, but the Com- 
mitice regards it us being virtually meffociive to produce any practical good. 

“The Committoo thinks it necessary to state once more, that of tho BruuU 
Birds which so deeply engage tho sympathies of many of the public, there 
are but few kinds which have been proved, on any good evidenoo, to bo 
^ fninishing in numbers, and that tho docrcoso of these is owing much logs 
to nny direct destruction or persecution than to indirect causes, such os have 
been already referred to, and declared to bo uncontrollable by the legislature. 
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The diminution of such birds lus the Wheitoai the Goldfinch, and Linnet c in 
be immcdi itely traced to the breaking up and bringing under cultivation of 
commons, and so probably of the rest, 'whilo, on the other hind it is obvious 
that many kinds of Small Birds have largely increased in number owing to 
the spread of plantations and the security fiom molestation during tho 
breeding-season they enjoy through tho incessant attention given to the 
preservation of game 

“At tho same time tho Commitioo is of opinion that some steps for the 
Eegulation of Bird catchers might well be txken with tlie approv d not only 
of tho general public but of the better class of bird catelnrs themsohea 
and, should success attend its present attempt tho Committee would roidily 
direct its efforts to that object 

Your Committee has the gratihe ition of reporting that tho opposition which 
the Bill encountered in the House of Commoua thougli seriously intended 
Was happilj overcome by tho good management of ifr ( haplin and his 
seconder Mr llodwell (i C \ division was taken on the motion for the 
Second Heading, when tho numbers against it were 13, and m its favour 337 
—an almost absolute raajoiily of the uholo House 

In deference to certain objections which wore raised in Committee, Mr 
Chaplin consented to an alteration c f tho original dr ift Bill aa regards I ho 
days when tho proposed Cl;so lime should begin ind end A our Com¬ 
mittee cannot wholly approve ot this ch iiigo but as it docs not aflect the 
length of the season, tho modihcatiui stems not to bo \cij impoitunl whik 
Mr Chaplins adr it acceptince ot it uiiq astion iblj sivcd tlio Jbll 

No fuitUei altcrati >n was m tde 1 he Bill haviOt^ \ isse I the Cummins 
was kindly liken chargo of in tho Upper Hous bj loid Hoiiniktr ind 
finally rctci\od the Hojal Vsseut on the J lih of Juh 

In congi ilulatiiig all who have at heuit the piotcction of inligenoiiH 
ammuls in this hippy rcsull >our CominitUc desires t) point out tint then 
most Binceio thunks are due to the nobkman and gentlemen already named, 
as well aa to others who aided tlu passage of the Bill through b th Houses, 
and, in paiticular the oflfoits of Lord WolBinghara deserve especial recognition 
With regard to the taking of any further sUps )our Committee can only 
suggest tho posaibihty of something being done in the direction indicate I by 
tho last paragraph of the foregoing statement The difficulties howevei, in 
the way of passing any measure for the Jlogulatiou ot Bird catehcis, which 
should be at once effectual and acceptable to Parhament, seem to be \ciy 
groat, and your Committee is not sanguino of tho success of any in_mediato 
attempt to attain this end 

Qhe Sia Birds Prcservition Act continues to work Batisfuetouly on tho 
whole, though your Committee lias leason to fear that its provisions ha\e 
been disiogardcd in certain places Some time has elapsed since any prost- 
oution under it has taken place and its enfoiecnuut in a fow instances lu 
the course of tho next jiar may bo neided to show that it cannot bo violated 
with impunity To this object your Committee, if reappointed, will give its 
attention, meanwhile it may ho observed that the Act is very fuvourablv 
regarded in moat places, and that, by authoniy of its thud section, tho 
bocretury of State for the Homo Department has, on tho roconiraondation of 
tho justices of tho 1 ast Hiding of lork in Quxrtei Scions osseuiblod, ex¬ 
tended the “ Close Time on the coast of that county from the 1st to tlio 
15th of August 

Your Committoe rcspectfhlly urges its reappointment 


1870. 
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Report of the Committee, constatinp of Jamks R. Napier, F*R.S^, Sir 
W . Tuomson, FR S ,Vif, Fkoude, FM.S , and Osborne Reynoi-ds 

{Secretary), appomted to investigate the effect of Fropellers on the 

Steering of Vessels. , 

[Pirate 1 ] 

The Conimittep commenced opcuihons by puntin'^ the lollo’winpj Circular, and 
sending copies of it to tho Admiralty and to those shipo^\nors witli 'whom 
the mdmduol members of the Comnuttco -were personally aequaintod, or 
those who in their oinnion wore likely to in the in\estigaUon — 

Tin. Binusu Ahsocimiox jou hie Ai)\ vncemeni op SciFucr. 

** JC.1 pet imcnU on the Tnmintj of Si)£W Steamers 

At the Meeting of tho British Association in Bnatol last year, a pajxr 
was read by rrofessor Osboino RoynoldB, lu wlmh it was shown, from cx- 
perimonU ujxin models, that in a steamer when the screw is m motion, the 
direction in which the rudder tends to turn tho ship depends on whether the 
screw iH driving ahead or astern, and is independent of tho actual motion of 
tho ship through tho w^ator, foi insianee, it ^^hen a ship liaa headway on 
tho screw ia)revci8ed, then tho action ot tho rudder is tho same in direction 
us that of a ship going astern , or if tho slnp have Btcln^^ay on, and the 
screw bo blurted to diivo liei ahead, (lien tho rudder acta as if she were going 
ahead. 

“After the discussion of the papei, Mr James R Napier, Sir William 
Thomson, Mr. W Froude, and Professor Reynolds woic appointed n Com¬ 
mittee to c.iiry tho iincbtigalion fuithcr, and imiticulurly to asceitain if the 
same results would bo obtained 'W’hen the oxpenmonts were made with full- 
Bi/ed ships. 

“ In order to collect sufficient data to establish n general conclosion, tho 
Committco uro anxious to ohtuin the assistance of such shipowners and 
oapiains of ships as may bo willing to aid Uiera 

“ Tho Committee accordingly ask that certain tnals and obeervutions may 
be made, and tho results, tog<‘thor with tlie name, bi/o, tonnage, and condi¬ 
tion of loading of tho ship, as well as the depth of immoittiou of tho screw, 
the date and name of tho officer m charge, may bo forwarded to Professor 
Reynolds, Owens College, Manchester, or to any of tho Members of Com¬ 
mittee, 

“ Lt IS alsg paihcularly requested that tho kind of bctoav and tho number 
of blades may bo etatod, and whether the screw is right- or ]cft-lian<kd. By 
a right-handed scroiv is nuderslood one ui which tho upper bludca move from 
port to Bttuboard when driving ibo ship ahead. 

“The following aro tho tnals roqucBtod — 

“ Trial I.—That when tho ship is going full speed ahead, the screw should 
bo suddenly rovewed and tho rudder put hard over, ns if to turn tho ship to 
starboard of her course, and careful notice taken ns to tho way in which tho 
ship turns before all headway is lost, 

“Trial II.—The same repeated with tho rudder set in the opposite 
direction. , 

“ Trial TIL—That when the ship la going fust nstern tho screw should 
mddenly be started to (Irivo her ahead, and the rudder put hard over to the 
same side as in Tnal I. 

“Mol lY.—Tnal HI. repeated with the rudder in tho opposite direction. 
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*■* Tnal V.—^That tho Bhip should bo driven full speed ahead with tho helm 
n in ids] n pa, and notice taken iia to tho direction in which the ship turns 
under tho action of tho screw. 

“ 'JVml yi —I’hat tho ship shoutd })o driven full speed ulioad, then the 
screw reversed, with tho hehu amidsliips, and notice taken in wtuch direc¬ 
tion tho ship turns.” 

1870.” 

After sending tho Circular tho Committee rceoived a conununJcation from 
tho Secretary to tho Admiralty, to the effect that the Admiralty hnd ordered 
llie oxpenmoniM to be made, and that the results should lie foi warded 

As tho result of their application to private owners, the Committee obtained 
tho 1180 of three vchroIs, upon which tho following trials wore made. 

Kvpenmcut^ made vnili il\e ‘ Vahiftty helompi^tj to the Em I of fV/nsf/oa*, 
Clip !<11 ri 11 Hunter, on (ho (Uh June, liotwcen Wemys Hay and the Cumbrae 

The ‘Valctta’ mcasurcH tons, and was drawing diinng Ibo tn.ils 
5' 0" forward and H' 0" aft ifer bciew, wbnh is iigUt-lumded, is Cy (i" m 
diaraotor, and during (ho trials w^as immeised about 1', it is .l-blodod, and 
has a pitch of 8' tJ". 'When at full s^^ced the * Valctta ’ mako-i about OJ 
knots an hour. 

Dunng the tiials tho seionds wore called out iiy Mr. James K. Napior. 
Mr Bottoinlcy, who was acting for Sir WiUi.vm Thomson, W'ulx'hod tho angles 
through which tho boat turned, by means of ii dumb compass, while tho 
signals for turning and stopping the vessel were given by Professor Itcynolds 

Tho first trial was of the effect which (ho screw exerii‘d to turn the ship 
with the holm amidships When at full speed she tuincd to port at tho rate 
of about 7^ per minute, or, as it is uauall) expressed, she earned a port helm 
However, as the speed of tho engines was reduced tho Umdcncy to timi (ho 
ship to port was reduced, and when going verj slow' (.ibout 5 miles an hour) 
the ship turned slightly in tlu‘ opposite diiection. When going fast the 
screw churned air into tho winter, but not whoa it was going slow. 

Tho effect of tho screw to turn the ship with the helm amidsbip, although 
appreciable, was not of sufHciont magnitude to bo taken into account in the 
results of the subsecpient experiment And as this effect was almost tho 
same with tho wind on either bow% it was ovident that, although tho wind 
was blowing with some little force, its effect to turn tho vessel was also 
unimportant. 

These preliminaries having been settled, tho sliip was diiven full spied 
ahead, then the screw reversed ns suddenly as possible, and immediately the 
engines began to turn astern tho rudder was put hard over At first on 
roversal the engines turned but slowl}’, and it was not until the boat had lost 
some of her way that they tamed full speed astern. 

Four observations v^^cre taken in this way with the helm to port, two with 
head to wind, and tuo before (he wind; and similar observ'ntions were laken 
with tho helm to starboard All four observations with tho helm to port 
gave nearly tho same rcbulis, and so with the helm to starboard. 

The mean results wore ns follows — 

With tho helm ported (w'hich, had the engines been going ahead, would 
have brought tho ship^s head round to starboard at a rate of nearly 2^ a 
second) the vessel at first, while tho screw was turning but slowly, eoni- 
mencod turning to starboard, and hnd turned through 6^ in 9 bccoikIh , she 
then commenced turning to port, and in 10 seconds more, when eho had 
nearly lost all way, she had returned 13* to port or about 8° to port qJ her 
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onginnl direction, / t in Iho opposite way to that in which sho would have 
luined had llie rctcw heen kept on ahead. 

Witii the holm to starboaid, at the end of 10 soconda ahe had turned 
through ()" to port, and in 14 aeconda more, vlion slie liad nearly lost way, 
fthe had come bcuk 14^ to starboard or 8^ to starboard ot her bngmal direc¬ 
tion , that 18 , as bcfoic, in the ojiposito wa} to that m which sho would have 
tinned had the screw been kept on ahead. 

With Ihia ship, thoiefore, although tlie levoi'sing of the screw did not at 
once reverse the action of tho rudder, it greatly reduced its effect, and 
reversed it in tiiuo for the ship to have turned 8° out of her course before she 
had come to rest-—that is, 8° out of the direction in which she headed on 
the leversal of hei screw, and considering that, during tho 25 seconds in which 
she as stopping, had her screw been kept on ahead she would have turned 
througli some 50°, tho effect of reversing tho engines was to bring tho ship 
some 58“ out of the direction sho miglit have occupied. 

Kjc-pt^iinenU \ixih the Barffe^ No. 12, belonging to the Cl}do 

Navigation Trust, Captain J liuirio, on Juno 7, off Kilereggan, llosnoath 

These exponmenls wcio conducted m a similar manner to those on tho 
‘ Valetta,’ the same members of the Committee taking pait in them. 

Tho baigo when loaded curries 400 tons of mud, is 1 iU feet long, was 
drawing dunng the fiist sot of evpeiinionts 11' 0" aft and 0' 0 " forward, and 
when light, dunng Ibc second set, 8' 2 ' aft or 4 ft forward. Tho top of tho 
propeller is 8' 0" fiom the boUom of the ketl Tho screw, which is nght- 
liandcd, has thiee blades, and is 8 foot in diuinetor and 10 feet pitch. 

Tho fust set of experiments Moio made ’SMth the barge lioad to windward, 
tlie wind being of much tho same force as on the previous day. Tho mud 
was then disthaiged, and the barge belore the wind, and the experiments 
repeated. 

^^^lcn loaded and going to windward Mith tho helm amidMhips, tho Largo 
sheeifd hist to port and then to Murbouid Tins was apparently owing to 
tho screw churning the waterintormittently , when tho wake was apparently 
elcar tho boat tuinod to starboard, and when tho sciew was churning air 
into tho water she turned to port. 

"When tho sciew was reversed with full way on, and afterwards tho helm 
put haul over either to poit or starboard, tho action of tho rudder was 
always lovorscd, and w^as vei} decided It lequircd 1 minute for the screw 
to bring tho boat to rest, and during that timo she tuinod from 35° to 00°, 
moving slowd} at first, and moic rnpidl} as hor speed dimiuished. 

Tho rovcise action of iho rudder was thereforo much more decided than in 
the case of tho ‘ Valetta,^ which was accounted for b} tho fact that the screw 
W'as rcvei'sed to full speed at once, tho engineer being un old locomotive 
engmo-dnver accustomed to reverse Buddciil}, besides which the boat being 
much heavier allow i‘d more time for tho operation 

■When the boat was going full speed astern, tho screw reversed to full speed 
ahead, tho action of iho ruddor was tho same in direction as if she had Ix'on 
going ahead, but it was very slow 

When tho barge was steaming full speed ahead with tho rudder huid over, 
slie turned at tho rate of 1° in 1 second. 

With this vcssc'l, theioforo, tho effect of reversing tho screw was io cause 
her to turn through more than 30° from tho direction in wlucli sho 
headed when the rovorso notion set in; and considering that in tLo same 
time she would have tuincd through C0° lu the opposite direction had tho 
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rnpines been kept on ahead, the effect of rtveisin^ was to turn her throuj'h 
90^ from the position bhc ’would have occupied had the engines kept on 
ahead. 

Kvpeumcnt^ xv}th the Steam Vacht ^ Columha^^ hehmfu^ii to Ifi^ (iieae the 
Duke of ArtpfU^ Juno 29, in (mro Jj<»ch, the weather ^c^y line, with little 
wind. 

The drauglit of tho vessed was 10 foot aft and S' 2" foiward She was 
fitted with a GnfRthV screw 7' 1" in diameter and 12' j)itth The expen- 
inonts were witnessed by JVfi Jamet^ tt Xapici and his son, Mr Itotieri T 
Napior Mlieii tho ^e8sel wms going full speed ahead (about 10 knots) tho 
engines were revoiscd, and tlio helm immediately put to stnilioaid . the 'les- 
scl tinned to starboard until her forward way was lost, the tinu^ between the 
reversal ot tho engines and the stopping of the ship being about 1 minute 

AVhen the vessel w^os going full spi'cd ahead the helm ivas sot to port, and 
shortly after tho sciew ie\ei<ed Tho ^o^^ol turned to starboaid at first, 
and then to port until all A\a\ was lost Tlie turning to starboard at first 
was tho natural result of the holm ha\ing beem ported before tho screw was 
reversed. 

In tho trials on this ship no measurements were made of tho nnglos 
turned through Tdic direction of turning, how'ever, w us tho same as be¬ 
fore, tho reversing of the screw at oneo revt'raing the ofPoot of the rudder 

In all three of theso vGbsola, therefore, tho sarao effect on the steering was 
produced b> tho reversing of the screw' when tho vessel was at full speed 

Tho importance of this eifect may perhaps ho host seen from the diagrams 
(riate T.), showing thn various po.sitionb occupied by tho * Valetta^ and tho 
barge compared with those they would have occupied had the sciow s not been 
rovoracd 

In these diagrams the directions of the \eRsels correspond with the actual 
measurements during tho trials; tho positions and distanet's travelled being 
estimated fiom tho known speed ot the vessels It had been tlio intentlou 
of the Committee to use one of Mr Napioi’s ])rcRsuie logs in order to ascer¬ 
tain exactly the pobitions of the vosbcls duiing the trial, but this intention 
was not earned out. 

Diagram 1 shows tho courses run by two ships after the reversing of tho 
screw until thej had lost all wa> compared with tho eonrses they would have 
run had tho} continued under full steam, the lielm being liard tojiort 

A glance at this diagram is snffleuuit to show what a fatal mistake it must 
bo w'hen a collision is imminent to re^e^so the seiew. and then use tho ludder 
as if tho ship would answer to it in the usual manner. 

But perhaps, os regards collisions, tho most important result is that 
ftbown in diagram 2—namely, tlio positions of tho ships when they hovo not 
lost more than half their way, and wlien, as regards tho distance run, the 
effect of reversing the screw is but small. 

As la shown in this diagrara, it appears that W'hcther tho reversing of the 
screw reverse tho action of the rudder or not, tho rudder is nearlv powerless 
to turn tho ship, and that she will turn not only more rapidly, but in loss 
room when going full speed ahead. 

Before closing their Bepoit, the Committee desire to express thoir thanks 
to the Earl of Glasgow, tho Clyde Navigation Trust, and His Grace tho Duke 
of Argyll, for the use of their vessels, and to the officers and crews who 
assisted in making the arrangements and conducting the exponments. 
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On the Investigation of the Steering Qualities of Ships. 

By Prof. OsnoENE Reynolds. 

[A oonimmiioivtiou onlvired by the Ooneral ComiuiUop to bo printed tn cctciiso ] 

Thk ])nmaiy ohjccfc of iislnfij at cam po'W'cr in phips is to enable them to ptiss 
quickly over loTifjj diskinccs, Uiuki normal ciicumsUmcofl ra])i(lity and cm- 
tamty in luunfruvjuij; aro matters of secondary importance, but circvim- 
fttuneos do arise uiulei \vhich these powiti are ot Mtal importance. Kxpen- 
onco has lau{f;ht those avIio (50 down to the sea in ateam-sln[>8 that theu 
greatest danger is tluit ot collision, and fogs are feaiod much more than 
stoiinn. That there must always Ito danger when long shijis are dnvon at 
full speed tluoiigh cioi\(kd seas 111 a dense fog cannot bo doubted ; but this 
danger is obviously iiu leased man} told when those in command of the shipa 
are under Ibo impression th it a certain motion of iho helm will turn the 
ship in the opposite diiection to that in which it docs turn 

The uncertainty which at present exists ui the maumuvrmg of largo ships 
is amply proved b} the numcious collisions wliicli have oceuircsl between the 
ships of our own navy while eudca\oanng to exetuto ordinary inovomeuts 
under the most favourable circumstances, and ivith no enemy bofoie them 
Tlicso accidents may bo, and ha'io liccn, looked iqKm as indicating imperfec¬ 
tions in the ships or the manner in which they were handled, but it must 
bo admitted that the ahijis arc the best and beat found in the world, and 
that they are commanded by the most skilful and highly tiaiuod seamou 
aliso. And if jH*nccab!o ships fail 111 their nianoouvres when simply trying 
not to hurt each other, what will he the case of fighting ships when trying 
to do all they can to destroy each otherIt the general impiession as to 
the impoTtant part which the ram is to play 111 tho naval combats of the 
futuio IS ever leali/cd, then certainty m maiioouvring must not only bo of 
very grout importaueo (this it lias always lioon in sea fights), but it must 
occupy tho very fust place in the fighting qualities of the ship, 

!Now tbe roimlts of the investigation of flic effect of reversing tho pro- 
pclloiB on the action of the rudder appear to show that, however capricious 
the bchaMOui of ships has hitherto seemed, if is in reality subject to laws; 
and tliat by a senes of careful trials tho commander of a ship may inform 
himself how hia ship will behave under all circumstances 

Tho expenments <if the Committee on largo ships have completely osta- 
bllshcd the fact to which it was my principal object last year to direct atten¬ 
tion, namely, that tho rcTorsiiig of tbo screw of a vessel with full way on 
very miu'h dnuirushes her stccring-pow'er, and reverses what hitlo it Icuveg; 
BO that where a collision is immiiionl, to leierso tho screw and use tho rudder 
fls if the ship would answer to it in tho usual manner is a certain way of 
bringing about tho collision. And to judge from the accounts of collisions, 
this IS prodscly what is done 111 nine cases out of ton. In the paper of 
to-day I find tlio folktwing (August 22, 187fi):— 

“ T/w Fatal Colhgwn off At ha Craaj ,—^Tho Hoard of Trade inquiry into 
the ooUiBion between tho steamer ‘Owl’ and the schoon&r-yadit ‘il^cap’ 
was continued at Liveriiool yesterday. Two pa8&cngoi*s by tho ‘ Owl' wore 
recalled, and spoke to some of tho facts of the collision. The night was not 
jmisty, though some rain had fallen. Tlioy saw the green light of tho yacht 
^shining bnghtly after the ooUisiou. Wilbam Maher, thud officer of the 
‘ Owl/ said it was tho chief officer’s watch at tho time of tlio collision. 
There were five able soamon in tho watch. Witness and the chief officer 
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were on the bndgo One man was on the look-out from the starboard tado 
of the bridge His ordinary plaoo was on tho forocastlo-hoad, but he was 
not placed there thit night, aa there Mas a heavy head sea, and the vcsm.1 
was shipping watei His atUntion was ciUbd to a liglit by tho look-out 
man It was almost ahea I ib >ut a milo and a hall off Hl could not at 
first distinguish w hethor it w as red oi green, as it was (Uni, but when he 
made it out to be a green hght it boic two to three points on the port bow, 
and it was only three or four lengths off Ho hoard no order given to tho 
man at tlie wheel when the light was first rcjiorfced, but when witness found 
that it was a green light ho ordeted tho helm hard iport It tlio stoumer 
had btarboirded at this time sho would have gone nght o\er tlie )acht Iho 
* had been going at the late of six oi seven knots, but when ftho col¬ 
lided there was no way on lu r, tho engines hxviug been levcrsed Alter tho 
yacht wont clown tlio eapt an oidirod u bo it to be got out, but biibsoqucutly 
counU rmanded the older, on the giound tU it inoio lues woull bo lost, os it 
was not fit to go out At tin close of his examination tho witness staled 
that ho would not liave gone out iii a boat on bueh a night as that, even i£ 
tho captain had order* d him ~u lemirk which appeared to greatly istonish 
tho nautical assessors 

Ho ported his helm bring his ship lonud to starboard, hut ho also 
reversed his screw and us he m\s nothing about hiving again staiboarded 
his helm, it would appe ii th it liom tho time ot levdbing tho screw until 
tho collision (time enough to stop tho ship), she had moved stiaight f* r- 
Ward or luclmed to Had ho not lovtrbod his screw, but kept on full 

speed, it 18 clear tho collision could ii t have happened, tor at the time tho 
collision did hai)pou lua hhip would hive lieen more than her own length 
away from the spot where the collision oceiuied Ho idmitud himself that 
to have starbouide^d his helm luubt hxvo hrought about tho collision, so ho 
ported his helm and reversed his aciew, which, as it had the same eflect, did 
bring about the collision 

Irom tho CommiUet’s ropoit just re id, it appeals that a ship will tuin 
foster, and for an an„lo of m kss room wdun dxivjug lull speed ahead, 
than with her engines reversed oven it tho rudder is lightly used thus 
when an obstacle is too near to admit ot stojipmgtho ship, then, as was done 
m the cose of tho ‘Ohio,* mc^ntioued in m> pu^wr last year, the only chixnoo 
IS to keeji tho ougiiicH on full speed ahead, and so to give iho rudder an 
opportunity ot doing lU woik 

iheso gtiieial lawp are of tlio groato'4t importance, but they apply m dif¬ 
ferent degrees to diflerent sliips, and each commander should detenmno for 
hiiusolf how lus ship will behave A ship s ordinary etcering-power may 
Boon bo learnt m general use, but not s > tho < ffect of stopping, there is 
thought to bo a certain nsk iii suddenly levcrsmg the ongiuos, which any one 
m ehargo of a ship will shnuk from, unites he knows it is lecognized aa paii 
of his duty 

It is also highly iraportdnt that tlie effect of the reversal of tho screw 
should be generally recognized, parlieularly in tho law couila, for in tho 
present state of opinion on the subject, there can be no doubt that judgment 
would go against any commander who had steamed on ahead, knowing that 
by BO doing he had the beet chance of avoiding a collision, or who had 
ported hu helm in order to bring his ship’s head round to port, with the 
screw reversed. It seems to mo, therefore, that it would be well if steps 
could be taken by this Association to bring the mattei pronimontly before 
the Adauralty, Board of Trade^ and those oonoemed m oavigaUon. 
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Bo fat as the capabilities of each individual filiip are conconicd, there is no 
insuperable difficulty or ri‘'k about the expenmcntn, and to have dotermined 
these will be a great point When the offioois know exactly what can bo 
done in the way of tinning their ships, and how to do it, the chances of 
accidents must bo greatly reduced. 

But at nil events tor fighting slups it is dosirabh' that the officors should 
ha\e oxponeneo beiond the meio turning powcis of theii own ships When 
two ships are inaineuvnng so ns to avoid or bring shout a collision, each 
commander has to take into nceonni tlio raovemcnls of hiB opponent To 
enable him to do ibis with readiness, it would ho necessary to liave friendly 
encounters. A fight between two sliips whoso captains Imd ncicr before 
fought, would bo like a tuninamfiit between two novice knights who had 
never practiced wntli pointless speais, and such a contest, although not un¬ 
equal, must ho decided by chauco rather than skill. 

Unfortuimtcly sham fights or tournaments between ships with blunt rama 
would bo about as dangerous as a real fight, and the ehance of an accident 
would ho fai too great for such triendly tournament, however important, 
ever to become an essential part of the training of a naval officer, ns they 
were of the knights of old. For although, ahould war arise, the danger from 
want of experience may bo cvi'U gruder than the danger of an accident in 
gaming such oxpeneiiee by frundl} fights, }ot. as the chance of war is 
always remote, the former nsk would bo preferred, and this is not all. 

As yet there has been no such thing as a rnmnung fight betw'ccn steam- 
ships, so that not only are onr officers without actual oxjieiicnce, but even 
the rules by whuli they are instructed to act (the rules of naval tactics) are 
baftcd entirely on theoretical con*<idcrations, and hence are ver^ iinjiorfoct 

Now tlieio appeals to mo to ho a means by wdneh e\penouco of the 
counter-mnnoouvnng powers of ships, as well as the raanoeinnng powers of 
single ships, couhl be asccitamed without an) of the risk and but little of 
the cost attending on the trials of largo ships, and which, if not equal to an 
aetunl fight, would be very useful as a means of training the officers 

11 bmall Btcam-launches weie constiucted srnnlnr to the ships, bo that 
they icpresented these shijis on a given stale (say one tenth linear measure), 
and their engines were so adjusted that lliey could only steam at wdmt wo 
may call the speed corresponding to that of the larger ships, then tw^o 
Inuncbea would manoeuvre in un exactly similar manner to the largo sbijis, 
turning in one tenth the room, and tlie time wdiich the manoeuvres with 
the launches would take would onl) he about half that occupied by similar 
manoeuvres with full-si^ed ship? The only points m which it would be 
nccesMarj^ that the model should ropresont the ship would he m its shape 
under water and as regards the longitudinal disposition of its weights, Ihe 
oontro of gravity should occupy tlie same posilion amidships, and the longi¬ 
tudinal radius of gyration of the model should bear the same proportion to 
that of tho ship as the other linear dimensions In other respects the model 
might be ina4o as was most convenient. It might be made of wood, and so 
strengthened that two models might run into each other with impunity. 

There would not bo much difficulty m so strengthening tho models, as tho 
0 pecd of the models would be very small. For instance, if tho speed of the 
•hln#ere 13 j knots, then that of the model would be knots, 

" study of tho quabties of ships from exponraents on their models has 
jMjtJfinta recent years led to any important results. But this in great part 
was’owing to tho fact that proper account had not been taken of tho efeot 
of tho wave caused by tho ship and tho consequent resistance. It was not 
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1 uown that the waves flot up the model hoar the same rolition to the 
Bi?e of the model as the waves set up by the ship do to the ship w:hon, and 
oulj when, the speed of the model ih to the speed of the ship m the ratio of 
tho square root of the ratio of tluir kngths 

Simo this fiet has bten rccognutd, most important niformation has lK?cn 
obtaiiKd by exjRiimentiii^ on models Mr 1 loiidt, bj rccfpm/iiif' this Jaw, 
1ns been ibh to brinj? Iho toinpunson ot ships h} mtaiis of then models to 
sueh tt degree of pirtiction, that ho can now predmt with certainty tho eom- 
paintivo and actual resistance of ships bcloio they aio constructed, and tho 
great praotic il value of his results Ime be< n rtcogni/ed b} tho Admir ilty 
What I propose is \ntuilly to extend these oxiwiiinouts on models bo as 
to make them embrace tho htceiing powtis of ships as well as their lesia- 
tances ihe manner of cx]Knm<nting would have to bo somewliat altered 
Stcam-launchtR would hi\c to be snl stituted for duminj models but tho 
pnnciple of the (xp<rimonts would have to itmnm tlio same, and the speed 
of the launelico must bt rcgid tttd hy the sirae law as that of tho models 
Iho turning qualitus ot Hueli laundics might bo verified by companng 
them with the tuining qualities of the shipb as found bj actual experiment, 
and then tho models might bt handed o\er t) tho officeis of the ships, and 
they might practice cncountors ind inniKriivros until they know not only 
what the) tonld do with their ships, but whit it was best to do in order ia 
outmnnoouvro each othci, ind tins witliout any cost or risk 
JThc behaviour of the models woul I be in til respects Himilar to Umtof tho 
fihips, tho only differcnco being that llu maiireuires would be on a bmuUcr 
scale, and tho fcale of the manauvios would be tho same as that of the 
models, so that the stop from the models to the large ships would bo ens> , 
and familianty with the working of the ships as well as tho models undei 
ordinaiy circumstanccb would prep ire the office ih for using tho ships in on 
actual fight os thoj haNO been accustomed to use tho models m their friendly 
encounters Iho scheme bore proposed has its parillol in military schoolB. 
Although “autumn miinonmrcs and sham fights afford soldiors a much 
bettor opportunity of prepaniig thomsehes for battle than any thing at 
present within reach of tho sailors, still the war game appears to bo 
growing in favour, and this is nothing more than practising manoeuvres m 
miniature 

Independently of their value ns a moans of training naval officers, such 
models would afford a moans of studjing ninal tactics 1 rom them might bo 
learnt tho way m which a ship should strive to approach another of nearly 
equal power and speed, so as to use hir lam to tho greatest advantage , and 
of this oa yet but very littlo can be known and, except on models, it can 
only be learnt from expoiiments on tho ships 
Important ns arc tho laws whicli have been venfled b) tho Committco on 
the stconng of sciow-stcamors, it appears to me that tho most impoitaut 
lesson to bo learnt from their in\e8hgation is, tliat there is nothing capn- 
Clous m the behaviour of those ships lo realize tho vaino of tt^ lesson 
the investigation must ho followed up, and it appeals that the best way to 
do this would bo by tho aid of model launches on the plan thus roughly 
sketched out 
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Seventh Report on Earthquakes in Scotland^ drawn vp hy Dr. Bkycb, 
F.G S,y FR.S.E. The Committee consists of J)r Bryck, F G,S , Sir 
W. Thomson, F.R S , J Biiounu, (i Fouuissj FA{ D, Mii.ne- 
IIoME, F*R S.E.y and P. Drummond. 

Thr stiito of quio^^coTico alluded to m last }oarN lloport has Ruffcrod 
ecarcoly any interruption dinin'^ the current >ear Xo movement has oc¬ 
curred of fiuffleient intonsity to afiect any of the lufllrumcnts emplojed by 
tho Committee for ICHtinf^ the whoeks The Association will ho awaro that 
those arc tho soismoniotei, constructed on tlio pimciplo of Iho inveited pen¬ 
dulum, which IS placed m tlio lower ol tho pansli chuich of Comne, und two 
soIh of upnj^ht e^lindcrH, described in lost year’s Keport, wlucli stand on 
boards on the sanded floor of a budding elected two jears ago by the Asso¬ 
ciation upon a sdo, half a mile ucst of the Coranc ohurch, kmdly granted by 
P. Dnimraoiul, Ps({, of Duiieam, in Iho grounds suirounding hin house 
This budding stands in tho Comrio valley, on a bo^^s ol rook of th(^ sanio 
kind of slate of which the adjacent hills and ridges aro composed, and which 
can be traced into continuity with those on both sidos of the valley It was 
therefore expected that cjlmdera so placed Mould readily lespond to any 
movement affecting tho rocks on either side of tho\alh'y, more especially 
as tho centre or focus from M^hieli it has hdlieito been considered that tho 
movements have emanated is at no great distance on tho noith side of tho 
valley. 

This expectation has not boon reali/ed, inasmuch as two slight shocks wore 
oxpononcod on tho 14th und 30th of January, m the morning and afternoon, 
Without affecting tho seismometer or tho cjlindors, even those of smallest dia¬ 
meter, which a very slight movement is sufficient to lay prostrate in tho sand. 
It IS easy to see that a vTry extreme sensibility must bo avoided in order to 
guard against tho effects of other distuibing causes—as a storm of wind, a 
peal of thunder near at hand, or a heavy footfall on tho rock outside ; and 
hence that an undulation, propagated from a distant centre, might bo so 
retarded by tho resistance of rocky masses as not to produce tho required 
amount of disturbance Tho evidence fhmished by sovuial most intolligeut 
and trustworthy persons leaves no doubt that on tho day mentioned a very 
slight shock was really felt on tho north side of the valley, that tho movo- 
jnont soomod to como from the westward, and was all ended by a slight 
noise, which died gradually away towards tho south-east. 

This somewhat disappointing result has led your Comihitteo to add two 
more cjlinders of incronflcd delicacy to each set, and to use everj' effort to 
obtain suitable sites for other sets more to tho west and north, and also 
furilior down tho valley, as near Dunira, the conjectured focus, and that 
fixed oil by Mr Milne-Homo in tho former inquiry, m Glon Lodnoch near 
the edge of tho eruptive granite tract, whence tiio late disturbance soeraa 
to have proceeded; and, if possible, also at Ardoch, Dunblane, and Bridge 
of Allan, at all of which tho shocks of 3873 w^oro so severely felt. The 
expense would bo inconsiderable, tho difficulty to be encountered is the 
procuring of a suitable and safe silo and a competent obsorvor. Your Com¬ 
mittee ©arneelly hope that these obstacles will bo overcome in the course of 
* 4 succeeding j^car. 
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Report on the Preaent ^tato of ovr Knowledge of the Crustacea — 
Part II. On the Homologies of the Dermal Skeleton {continued). By 
C. Spknce Bate, F,R.S, 

[PraTFs ir, ni ] 

As in tho first part of this llepoii tho carapace or dorsal surface of tho 
Ciiibtacea was consideicd, it is ziow intended to examine tho plastron or 
vontrnl surfaco, and so coinploto our inquiry into the foim and Btruotuu* of 
the dermal skeleton, previous to a coiisidoiatiou of tlio internal viscera and 
development <jf tlie mnmals of tho various forma in the class 

Tho lioad, or cophulon, is more clearly defined in Ednophthalmous Crustacea 
than m any other order, but even hero the somites jiostenor to tho mandi¬ 
bular have tlio doisul surface wanting; but a clearly defined character 
difltuietly separates them from tlio somites that [icitain to tho succocding 
seven, which const itute tho percion. 

This condition is less c(uaploto in Sqmlla (winch M. Milno-Edwards has 
Boloctod aa being “ ol all Crustacea that in winch the 21 Bcgnients of tho body 
arc tho most distinct’’), where the poslcnoi bomitos ot tho ccphaloii ns well 
as tho anterior two of tho p( leioii are (uilj represented by their voiitrul sur¬ 
faces. 

This appareut incompletencsiis of striieture, which is duo rather to an 
economy of materidl, has led carcinologists to coubuler generally that the 
ocpholon and pcreion should bo treated anatomically as one portion of the 
animal under tlie general iiamo of ccphalothorax. 

Thus Dana, lu writing on tho (Jlassiticatiou of Ciustaeoa,'’ m bis ‘ Eeport 
on Crustacea of tho United-States Exploring Expedition under Capt Chas 
Wilkes, U S.N p Uh)7, sa>s, lu those higliest species, nine Bcgmonts and 
mne pairs of appendages out of the fourteen cephalothoracic belong to tho 
sonsea and mouth, and only five pairs aro for locomotion.” 

This ho has taken fiom the Bracli)ural or ilncrural decapod, as being the 
highest tjpes of the order, but if wo are to rc'port our experiences and define 
the names and conditions of things accoiding oa they are represented in a 
single typo or group, ovciy btudent of any sjxjcial form will draw his own 
conclusions from tliat which ho has alone closely considered, and tho study of 
Crustacea as a class in tho animal kingdom must bo retarded, if not mis- 
roproBonted, 

lu studying scientifically tho Cnistacoa as a whole, it wdll bo found not 
only more correct but more coavoineut to describe and name the several 
parts of tho arumal by thoir liomologous certainty rather than by ibeir adapta¬ 
tion to fulfil diffei'ont functions which demand a varmtion of form with tho 
greater or less imjiortance of their requirements. 

The seven somites tluit form the cophalon arc most closely associated, and 
difficult to bo Bcparatcd from tjiobo that follow, in the Brachyural typo. This 
circumstauoo api>eara to be largely due to tho powerful character of the man¬ 
dibular appendages. Tho great strength of these organs requires such an 
lutemal dovelopmout of parts that they appear to preclude tho posterior 
flomitea from tho power of growth ; consequently thej become merely sufficient 
to support appendages of a supplementary character.- 

This is very apparent in tho Macrural order. In PaJinurus the mandibles 
are so broad and largo that their removal is almost a complete decapitation. 
It is therefore a structural neoosstty that tho postenor two somites of the 
cophalon should bo supported by those to which they aro most doeely 
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npproxiraafo; consequently ihcy mo ficquontl} found fiHod with tlio anterior 
Bomitcs of the ])crcion 

Yet in this vor} genus, in a young state, we have the most complete evidence 
of the limits that defino the cephalou from fho j)ereioii, mid this again from 
tlic plcon 

In the l.irva of Pal as well .is m the annual known as J'htjllosoma^ 

which IS now gcnorali) ntcejited as being the >oung of Pahyntnis aftor some 
weokH' grovith, the ccphalon is been to tomtido with the linnts of the cara¬ 
pace and toimiuatoa anteriorly to Iho ho\en somites ot the pereion It there¬ 
fore appears that it is desirable to identify these tirst fiC\eufiomiteH as belong¬ 
ing to the head or ceplmlon and that only 

Tho poicion, or thorax,is al8(> composed of scien somitca or segments, and 
this number is never departed from, o\en in tho most depauperi/od condition 
of the uniiinil 'I'hcse s(\eral flornites Prof !Mi]ne-Edwards, in his '* Obser¬ 
vations snr le Stjueletto tegnmcntairo des Crnsfnoes decapodos, et sur ]a 
jtlorphologie do cch anniiaux,” Ann. des Sfionces IV^at. p 2(>S, 1S54, sa^s — 
“ In order to dtdermine easily each of thoBo nnutonucal elements of the integu¬ 
mentary skeleton, it is desirable to defino thorn by a name, and [ shall call 
them piotosomite, deuio^omxte^ misosortufe^ or irito'iomUc^ tefatto^omitc^ 
io^omite^ hfctosomite^ and liehdvsoimU^t following the order wdnch they occupy 
from before to behind ’’ 

In tho lower types they form, ns m tho A in phi pod a, separato and distinct 
Bcgmcnts, but in the higher groups, as wo boo tho dorsal eiirface of tho somites 
of the ccplinltiTi de\eloi>ed and produced posteriorly so as to cover and protect 
iho upper }>ait of tho poieion, bo wc find tho Bomitcs of this latter division 
coalesce vontrully more nr less perfectly until in tho Macrura and Brachyura 
they reach tho highest degree of consolidation and aro much more donso and 
strong than is the structuio of tho carapace. 

This condition is gradually hcoii to bo approached through diffoiont Btagca 
from tho Ednophthalraia upwards In tho genus SqxidJa (which has many 
analogies with tho pessilo-eycd Criistaccfi, and appears like un enormous 
8 talk-e}od Amphipod) three or foui of the posterior somites nro exposed 
beyond the carapace and have tho dorsal arc complete and scpniately perfect. 
In tho Diastjhdro w^c sec tho same, and ultimately in the genus /'nr/nriM, 
among the Anomurous Crustacea, there is hut a single somite that is not 
embraced within the hmiha of the carajmee, and that is reduced to a very 
slender nng 

With tho dct(»noration of tho dorsal arc of ouch somite of tho pereion tho ven¬ 
tral arc increases m density and coalesces iho more iierfectly with its neighbours, 
lliia appears much to dcqicnd upon tho habits and character of tho animal. 
If it be one whose habits arc per ambulatory, as in Palmvrus^ the somites 
arc strongly fused together into a strong broad wtornum; whereas in such 
animals as Palceinon and ffomarus tho sternum is less strongly developed, 
and apparently of a more feeble character. ’ 

This depreciation of tho stomum gradually goes on as wo approximate tho 
short-tailed orders, and arises from the absorption of the first joint or coxa 
of the leg into tho general system of tho animal. 

In Pahmtrtis tho sternum (J*l. II. fig. J), corresponding to tho trosterior 
fiw somites, 18 very broad, and the logs aro very widely separated from those 
on the opposite side ; in Homanis^ Nephrops^ and Astacus (PI, II. fig, 2) they 
approximate each other so nearly that tho sternum consists of a small cal¬ 
careous longitudinal cord, to which the apodoma are attached and receive 
their support 
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In tho Auomura, of which wo may tako Lithodes (PI IT fig as an 
example, tho coxoc of tho legs aro bo closely comj>rc8sed togctlier lateially 
that, without coalescuig or being fused lugethcr, they are apparently united, 
uhiU tho infciior part of each co\a is completely {used with ita neighbour 
for ibout halt ite extent 

Ibis IS earned still further in tho true Biachyura (PI If fig 4), where 
the first joints of tho legs uio all consolidated into a tolerably ^lorfect 
mass of tulcareous structuio, and rcscuiblo tho nature and character of a 
sternum 

The ventral pHstrou, therefore, is formed of the first j niit of tho leg and 
tho infciior arc of these soien somites ih wauling in the true Brafhyura in 
tho adult stage, tho inferior surface of the Itgsfulhlhng tho duty of tho stern il 
plato As 1 have aheady observed, this state ouu bo traced gradually from tho 
Maerura to tho Brachyura and it may also be obscivod gradually to assume 
this condition by following tho dc\elopmont of the young, m which the coxal 
joints may bo distinguished sepirate and indivuluilly present, and gradually 
coalosemg as tho animal increases in dinu nsions with nge I am uwaro that 
thiB osscition iH not in aecordinee with the tcxchings of jirevious carcinolo- 
gical anatomists, hut it is one that can lx proved to dimonstraUon 

Milnc-1 dwards, ‘ Obsciv itions but lo Squelotto tegumentairo des Cnis- 
taces decapodos, ^ Ann des S N it p JM), iS54 Hays, ‘ These rings exhibit 
all tho tergal pieces, and aro clos( d above by a cii ipace, except among a small 
numbei of inomura, as tho wheie tho st venth ring is complete o 

can distingiiiiih always i veiitril arc, consti(ulo<l noimally by two sternal and 
two cpistcrnal pieces, and a dorsal aic lepnsented upon tho sides ot tho epi- 
mcrul pieces of tho sclerodtunic piohmgahons extending he tween the ven¬ 
tral and dorsal arcs of ( ich iing, so as to enclose between them each side of 
tho body, and to eiicumscnbe before and behind llie articular cavities destined 
for tho insertion of the coiresponding mombi is AVhen tho rings aie fioo, each 
of thceo arcs’ extremities I shall cill rnf/tre for the snko of being dis¬ 
tinct, but when tho zones are soldered together it is different The anterior 
arthrodial of each thoracic img is united to tho posterior arthrodial of the 
preceding 7ouo, and is moio or less completely united witli it, so that tho 
lutorarticular spAee situated between two such legs, instead of pi esc n ting 
two Bcleiodormio rings, lodges only a sin^lo iiihrodial prolongation, which 
becomes common to tho two appioximating liames, so that it appears to 
depend more ospeciollv upon tho last of the tv\o rings so united io simplity 
the doscuption, 1 feball consider these lomplex arthroeliuls an if they wero 
fonnod only by then most important parts, and shall negh ot couscfiucntly 
their ante nor plato, but it should be observed tliat mo can nearly aluays 
rocogm/e its existence There is also nn intermnular symphysis whuh 
results from tho formation of an mtorior fold of the sckrodoimjc lamella, a 
fold tho two plates intimately sustain betMOdi them These processes must 
bo looked upon as if they wore produced by the simple lamella of tho posknor 
border of ono of tho sogments so umtod by symphysis 

“ It IS always ui tho anterior poition of the tliorax of tho decapods that 
oonaolidation of tho integumentary skeleton is e imed to the farthest limit by 
tho soldonug oi fusion of tho anatomical elements *’ 

Now wbut I contend is, that tho strueturo of tho somito has, os apart of 
the dermal skoleton, vcntrnUy disappeared in the Biaohyura, and its plaw 
has been taken by tho deimol tissues of tho first joint of the sovorol legs of 
tho peroion, and tho apodema la formed m tho various famihca of Crustacea 
out of porta that aro homologically dutmet. 
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In tho Anomura, of wKioh JAihode^ may form the beet example, the ooxod 
may best be dissected out; and it docs not require any very extreme care to 
Bcparato tho framo of oue appendage from thoao by 'which it is compressed 
both auloriorly and posteriorly, by which compression the jouifc partaJees of 
a quadrilateral form. Tho plates aro in many places reduced to an extreme 
ttuiuity, and practically fullll iho office of a ^single wall, although in reality 
they arc produced by two lamell® closely com]>rofl8ed but not united. The 
in tenor or ventral wall, that forms tho sternum, la verj^ much more strong, 
and extends until it met ts tho coues])onding plate upon tho opposite side 
In Lxihodcs this simple condition extends from tlio antenor to tlic posterior 
extremity of the pereion. 

in the Brachjura, ot which wo may lake ns the t^po, tho walls of 

the coxal joint lorm tlie tloor ot tho ]x>reiou fiom tho anterior extremity to 
tho lourth or iotartosomite, from 'wluch posteriorly an upnghl ivoll in tho 
median Imc sopaiatos tho right side fiom tho left, and encloses the muscles 
of tho lour posterior pcroiopodn within as many corresponding chambers, 
iorniing a strong arch tlmt hujqiorts tho internal vi'scora and precludes their 
bulking into tho ventral cavity 

It, as I contend, this condition of the btructuro may be demonstrated 
bo}ond doubt, iL follows that the episteinnJ iiioees lose their homological 
signification, as defined Plot ililne-Kdwjirds, m tho bnmo way us tho 
epimera of the dorsal arc 

The episternal plates are ports of tlie fust oi coxal joint of tho logs pro¬ 
duced as plates, valuable as supporting th<‘ aiticululions of the next succeed¬ 
ing joint with the first. It is inteioslnig to obseuo that those so-called 
episternul phitos can bo tiaccd back to large spinal jirocesses in iho young 
aumial, and to less important proccRses in the pupal or Ihml stage in the 
process of the development, wheio they cun bodi'jiinetly seen as parts of the 
coxiB of tho appendages ail ached to tho peioion (^flg. 7) 

This appears to he the anatomical condition in tlie Jhnehyura, and also 
in Bomo of tho Anomnrnl groups. 

But m tho Maciural tjpo tho ventral surface of iho pereion is formed of 
tlie lower arc ot tho several somites wluch belong to this division of the ani¬ 
mal. bomo slight variations of form and apxiearauco exist m soparato genera. 
In Pnhnur\i8 the anterior part of tho Htornum is narrow ond longitudinally 
longer than broad, while the posterior pait gradually incrooBCs in width 
from the untenor to tho postenor extremity. Each somite is completely 
fused with those with which it is m contact at the centre, while deep lines 
of fisBuro define their separation on each side, the poRtenor process of which 
somites corresponds analogically with tho so-called epistemal plates in the 
Brachyura, but homologically they ore distinct, being,in this form,parts of 
the true somite, and not a portion of the coxa of the log incorporated with it 
(Bl. IL fig. I). 

In tho genua A8(aen$ the sternal plates are all narrow, being scarcely 
brooder postcnoily than they are anteriorly, while in the genus J/ommus the 
stomal plates are still more narrow and less important This appears to be the 
general charocteriBtic of the ventral plates in Nejphrops, Pa/owon, Crangon, 
&c., but more delicately and feebly constructed, so far as the external coiidi- 
tmns; but in tho lower forms of Crustacea, such os the Ampbipoda and tho 
iopoda, the stomal plates are broader than they are long, and coneequently 
the several pairs of appendages are widely separated from each other, oor- 
respondingly so thtwnghout the entire length of tho pereion. 

The internal structure m the Podophtholmous typos is more complex than 
the same parts in the lower or sessile-eyod forms. 
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In A$tacii$, 'where the structure is perhaps more distinct, the marglnB of 
the approximating somites are seen to bo compressed together, the anterior 
margin of one M ith Iho posterior ot the next, and to thin out and ultimately 
combine together into a thin wall or plate ot partition, separating the several 
Beta of muscles connected with aiipendages btdonging to one soraito from 
those belonging to adjoining ones Independently of lieing walls of separa¬ 
tion thoy are points of attachment on which some of the muscles ore securely 
fixed, Not only do they exist near the lateral margin, but continue in¬ 
wards and extend forwards until thoy reach tho corresponding processes on 
the oiiposito side of the iieicion, and also antoiiorly until they unite with a 
similar 53 stem of osseous plates in tho adjoining soinito. Each plate appears 
to form a basis on which a strong muscle may take root on either side, thus 
forming a fulcrum tor muscular power and a means of separating one set of 
muscles from another. Ju Pahnumft these plates, when thoy approximate 
tho median lino, turn over and ho hon>:outaUy 'svith tho longitudinal axis of tho 
animal. Tlieso plates thus displaced torm a pcrIbrated floor on which tho 
larger and more important internal viscera rest. This osseous system con- 
imuGs from tho postmandibular somite persistently to tho penultimate sonuto 
of iho pcroion, 'svhore it la muted >vith the floor of the pcreion by a central 
and lateral point of contact 

Tho antenor muigins of tho two halves of the first somite of the perciou 
moot together in tho ceiitro and form an oblique and prominent bridge that 
supports tho posterior portion of (he Btomachio viscera, while the internal 
prooessea of tho apodema, as they aro tennod by M. Milno-Edwards, that spring 
from the posterior two somites of tho cophalon, are closely attached to, and 
at ilieir extromitios are perfectly ossified with, the lateral and central parts 
of tho apodoma of tho antenor somite of the pereion, a point of union Unit tlie 
structure of the animal rtHiuircs to be of considerable strength, as the enor¬ 
mous processes of the internal movable mandibular plates occupy so largo a apace 
that thoir points of attachment necessitate a structure of greater resistance 
and strength than tho impoverished character and condition of the two 
posterior somites of tho cophalon are capable of securing to them, without 
the additional support which they receive from a union of a more or less 
perfect character with tho antenor somite of tho poroion. 

Tile apodema that support tho internal viscera are perforates! by a scries 
of foramina that, while thoy correspond m form on each side of iho central 
line, yet differ in size and shape according to tho relative proportions of iho 
organism that are connected with them. The dimensions of the foramina, 
through which tho musclos move the largo and morc important appendages, are 
larger and more conspicuous than thoy that relate to those that move tho 
loss offlciont and smaller organs of the body Thus wo find that, generally, 
the largest and most conspicuous foramina correspond with tho third somite 
of tho peroion in PaltnuruSy Asiacusy &c., whereas in those genera whore the 
groat prohonsilo hand is produqcd by the increased growth and proportions of 
any other pair of appendages, the foramina m the apodemol plate correspond 
with tho inoroofio of their dimcncions. 

In the Anomura, of which wo will take LitJiodsB as the tjpo,the internal 
and apodemal plates do not project so os to roach the corresponding pro¬ 
cesses on tho opposite side There are only six somitoe fused together on tho 
ventral surface, or, I should rather say, contributing to the formation of tho 
sternal plastron ; the soventh somite exists as a separate and distinct ring, 
both dorsally and vontrolly free from ossified union with the anterior somites 
of the pereion. 
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In thiB gonua the sternal plate, as an anatomical part of tho animal, w 
wanting, or reprcsontod only m a theoretical character by the median lino 
of fusion 

Tho coxu) are existent without fusion with each other for some extent, 
visible on the ventral surface before their close contact reaches'ossification so 
perfect that then line of union is repnsented by marks of depression only 
on tho exUmal surlacc, and corresponding crests oi ridgos on the intern vl 
surface Dorsall} this appears to bo similarly repeated, and the lines of con¬ 
tact are imperfect m their fusion until tho platoa have thinned out into a 
membrane I ati rally the walls of tho covic ot tho several pairs of appen¬ 
dages are so closely compressed that tin ir lines ot union aio with difiiculty 
dctorminod not to he fused togolbci Ih it they exist foi some distance as 
thin plates m close contact is coitain, but they ultimately reach a point 
whore tho distinction is lost in peifect ossification Ihe internal plates ap¬ 
proach the cerres[)ondiTig ones on the opposite side in tho first two somites 
only, whichfonn a bridge that supports tho posterior extremity of tho stomachic 
region, behind this tho \cntial surface lapidly widens, but tho apodoma or 
internal plates abruptly terminate, leaving a largo expansion for the internal 
Viscera to occup} 

In the Brachyura tho central fusion c f the slciual plates is still more perfect, 
and the ventral portion of the boniitcs ajpcais to be covcicd entiuly this 
exists in a vortical plate that appt iis !< be formed b} being compressed 
between the coxic of tho cui responding pairs ot appendages, tho external 
surface of which raa^ bo traced to a sinus (PI II fig ba) that opens in tho 
median line between tho third and fourth somites Iho segraenta of tho 
pcrcion in this order of Crustacea, as ma\ bo seen in tho genus C(nic€7, 
are verj closely compressed, and apparentl) overlap each othir dorsallj, 
while vontrall} the several appendages, fioni their proiiortionate dimensions, 
preclude tho possibility oi to) close a contact The constiiiience is that the 
general arrungeraent ot the entire mnscidar system that moves tho appen¬ 
dages or the pcrcion, together with the osseous stiucturo that sujiports them, 
is arranged in a circular form, tho superior oi extciisoi muscles forming tho 
upper or dorsal arc, and the infoiior or flexor muscles forming tho lower or 
ventral arc The pi ito, thoiofore, that is pioduced intomally m tho median hue 
is in continuation with tho interioi poitioii of the ventral floor of the pert- 
ion, end ifl tho homologue of the sternal plato Ihis tendency of the muscles 
to fonn round a common osseous centre appears to give a similar relation of 
the several soinites to one another Thus wo find that the apodema narrows 
tho dorsal extremity coiresponding to each somite to such a degree that a 
deep notch or fold takes place over ihe fouith pair of appondogis, at which 
point the curvutuio is greatest (fig 5) It is this circular portion ot tho 
muscles that facilitates that peculiar arrangement b) v\luch the posterior 
two pairs of legs in D/omnt, Donjx, appear to be attached to tho dorsal 
surface of the animal, which enables them to adheio to floating pieces of 
wood or weed, or securely attach iherasolvos to univalve shells by means ot 
these appendages 

Tho pltorif 01 that portion of the animal to which tho appendages are 
attaohod which, in thoir most i>crfect condition, are adapted for swimming, 
^undergoes a great vaiiety of foims It is perhaps most perfectly developed, 
fm accordance with tho value and usefulness of its imrts, in the Maeruroua 
division of Cruatacoa 

In the Ednophthalmia it is perhaps moie simple m character, but it is m 
the Aniflopoda, or that mterm^iato stage that unites tho Iso^ioda and tho 
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Ampbipoda, that wo are enabled to deterrmno the true homological relation 
of oao part to the other 

In all Crustacea above tho Entomostracous forms tho several somites are 
diatinginshed liy a dorsal and a ventral arc Tho dorsal is invariably a hard, 
strong, and osseous plate. The ventral arc is mostly represented b} an osseous 
band that roaches across tho animal, and is united antonorly and posteriorly 
to tho contiguous somites by largo and floviblo membranous tissues The 
dorsal arc is wide, and dips under tho adjoining one anteriorly in all except 
tho second somito m the Macrura, which ovemdos tho plates of tho adjoin¬ 
ing somites both anteriorly and posteiiorly This arrangement does not 
exist in the Kdiioiihthalmia, because, there being no dorsal carapace pro¬ 
tecting tho pcreion, all tho somites have a scpauito and distinct doisal aic. 
Tho consoquonco is that each somiU^ posteriori}’- overlaps tho anterior margin 
of tho next succeeding ring, except the fir-st or anterioi somite of tho pereion, 
which overlaps anteriorly tho posterior margin of tho eephalon and posteriorly 
tho anterior maigiti of the second somite of tho poreion la each of these 
orders of Crustacea wo find that tho greatest power of flexion is given 
to the animal at these points. 

In all tho distingmshablo somites ol tho Edriophthalmin, from one extre¬ 
mity of tho animal to tho other, each separate one is observed to support 
laterally a largo plate These, lu the pci cion, are firmly attached to their 
respective somites, but not ossified to them, m the ploon tho} are so united 
by oBsific matter that one part is not capable of being separated anatomically 
or distinguished in structure fiom tlie other It is tlioso iiaris in this 
particular division of Crustacea that onginafed tin* idea of tho theory of tho 
Crustacean somite as onunejaled in I"^30 by Pro! Miluo-Edwaids. Tho 
fact that tho supposed sidc-platos, oi opimora, were merely tlio flist ]oint of 
tho noimal legs or appendages has boon satisfactorily dcmoustraled in tho 
Ednophthalmia, as fir as relates to tho somites of tlie pcreion , but hitherto 
tho relation of tho side-plates of tbo ploon to the normal condition of tho 
mobile appendages hud not been demonstrated until tho struoturo of the 
dermal anatomy of the genushad been made out* . that “ one mter- 
osting and, as fur os wo know, uni(|uc feature in these (vVustaooayot remains 
to bo noticed. Tho seginonte of tlio plcoii have the latonil walls (long known 
as tho epimora of Milnc-Edwards, called also tho iflcura by many authors) 
existing as articulated appendages, dcmonstiating two irapoitant features in 
tho homologies of these parts, Ibt, that they aie all really portions of tho 
appendages, being tho first joint or coxte of tho plcopod . . , and Snd, that, 
since the peduncle consists of three joints, tho second branch in the appen¬ 
dages of the pleon, as in other parts, is shown to take place invanably at tho 
extremity of tho thud joint.” In tho Macrura and higher Htomopods the 
coxal joint of the several appendages is united to the dorsal arc in a very 
perfect and complete state of ossification, witli tho exception of tho first 
somite, where there are no appendages, and tho sixth, where tho coxa is free 
and articulates, wnth small lateral motions, with the dorsal arc of tho n^spec- 
iivo somite. Tho seventh somite (felson) is reduced in character and aliored m 
form; it uiuvorsally covcie and holds tho terminal exit of tlio aliraentnr)' 
canal, tho inferior arc of which is reiiresentcd by a membranous tissue In 
the Amphipodous order of Cru'^tacca tho fifth and sixth somites carry their 
appendages with fVee cosm, and the terminal somito exists only in the form 
of a scale very liable to vary m shape, or separated inta two of minute 

* Hist. Brit. B«#silo-ey«d Orust, Yol. u, p. 140 

1870. a 
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duaen&ions. In the Isopoda the eiatth somito only haa the coxaa IVoe^ and the 
appendages attached to them boar no \cry distant anuJogyto the homologous 
pair aa they exist in tho Mucrura Jn numerous gtxnra of Isopods the 
sixth somito IS developed to a \ory large si/e, and cither absorbs or displaces 
the terminal somite or tolaon altogether, 'which m some genpra is repre¬ 
sented by a notch or cavity onl), while in many others it is produced to a 
point or terminates in a smooth and even margin with tho exception of 
some of the genera, tlic tclaon picbibl} is absent throughout the 

order of Isopods 

The form of the pleon in Iho Ihach 3 imi bt irs os close a lesemblanco to 
that of tho Isopoda bilongiug to tin tube Libnatica as that ol tho Macrma 
resembles VaiasiUca in tho same ordti 

Tho coxa, or side piocts, as they ha\c been \tr 3 commonly supposc^d to be, 
are, in the llrach 3 uri, 'vcr 3 clensol} ossified with tho dorsal arc, and this to 
such on extent in tho male animals that it is very difficult to determine Iheir 
piosonco In tho male, whore the latci d development assumes a greater 
extent, iho line of umou is capable of being determined by \ muikcd depres¬ 
sion that defines tho limit of the somites and tho altered position of the appen¬ 
dages, but that they are homologicull 3 presditin both sexos there can be no 
reasonable cause of doubt ibis, I think, inaj be gem rail) depended ou— 
that iho more tho coxa deiiarts fnmi tho normil t 3 pc of the joint, as we seo 
m the Mqctutous Crustacea, and becomes assoeuited with the dorsal arc of 
tho theoretical somito, the more tho chai actor ot tho appendage becomes sim¬ 
plified or depreciated but, on the other hand, the more intimately it be¬ 
comes associated wnth tho ^ont^al are the more it becomes developed in its 
connexion with the reeiuirements of the animal and any variation of form is 
dependant on tho value ot its position and tho habits and necessities of tho 
creature Thus wo find that all tho appendages of the cephalon and pereion 
are associated with tho ventral arc in tho Jlrachyura and Macrura, but m 
the Ednophthalmia those ot the pcreion are assueiated with tho dorsal arc, 
whereas tho appendages of the plcou are, m all divisions of Crustooea, so 
intimately associated with tho dorsil aic that m most cases tho coxa is in¬ 
corporated With tho somite, and generally the remaindor of tho appendages 
disappear or are reduced to mcicly a rudimentary condition, useful m some 
females for tho attachment of ova, whilo in tho males they disappear moie 
or loss completely, or in the general conditions of hfo become vnnated so as 
to fulfil special requirements or pccubar functions 

Thus the 21 somites of which tho t 3 pital Crustacean consists each sup¬ 
ports m its most simple condition a single pair of appendages, and if wo were 
to suppose e\ery segment of tho animal to ho reduced to its most simple cha¬ 
racter, and the appendages attached to each segment icducod to the most 
simple form of articulated limbs, and all of them umfonn in size, tho animal 
would bear a close analogy to a segmented annelid 

This wo must take as the archotyjio of a crustaccous animal, and assume 
that tho appendages ore attached to tho spaces that exist between the doml 
and the ventral arcs of each somite Thus when we observe any extreme 
vanetion of form, we must consider the earliest and most simple condition of 
the appendage m the archetype, and it is not at vananco with our idea of 
progression to assumo that any great departure from the most simple type 
r that appears to be common to the entire or a largo portion of tho subkmg- 
’ dom of Crustacea had its ongin at an earher period in the history of its 
evolution 

The organs of vision arc common to all the Crustacea, and in those species 
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that are blind in their adult condition, the eyc« aro generally well dovolopod 
in the younger sta^a, 

Tlio eyc8 are, indopondcnt of thoir value as organa of vision, of great im¬ 
pel tance in the study of the natural arrangement of the various forma of 
uniiuala in the subkingdora ^J’hcy ^a^y in form and character from tho 
most incipient ophthalmic spot to the compound eye elected on pedestals, 
but whether single or compound, solitary or m pairs, their form and compo¬ 
sition IS generally so pcr6ist<’nt with certuni forms and characteristics of tho 
life and habits ot the anim.iLi tliat tho few exceptions to tho general rule do 
not preclude them from being an important and valuable means of arranging 
Crustacea 

This was first approciiited by Loach, m 1815, luhia Classification of tho two 
great diviHiona of tncbc animals. Ho nrningcd tliem under tho two great 
heads of roDoiuiniALMrA and EDmoruTii vlmia— or those Crustacea that m 
their adult stage ha\o tho ejes ele\atc<l on pc'diiuclcs or footstalks, and tlioso 
which liuvo them bcsbilo or without any footstalk To tins general observa¬ 
tion tho exceptions aio veiy few Among some gi nera that inhabit subter¬ 
ranean passages and live m the duik, tho loolstulks uio so reduced m size that 
they can only bo said to exist theoretic ally, inasmuch as wo find them well 
exhibited in llicir joung and caily ntage. Wc must tlurcioro assume that 
ihoy ha\c depreciated from their noimul eondition through ad\orso circum¬ 
stances. On tho other hand, among the Ednophthalmia wo have the genus 
Tamts with ils compound eyes olevuled on their own pedestals, diilbnngfrom 
tho podunculatcd form onl> in being rigid and mcaiialilo of inovcmcnt 

In tho Podophthalmia the oyea arc imidantcd at the extremities of appen¬ 
dages that aro au])iK)rted upon a Popuratc and distinct Bomiic 

In 1887 Prof Milno-Edwarda demonstrated this to bo tho case in the genua 
Bquilla , in 1854 ho states, in his “ Observations sur lo S<iuelotte tegumon- 
tmro dos Crustacea decapodoH,’* Aim. dcs fioiouces Nat, p 254, which I have 
Hinco confirmed (fig. 7), that in tho genus Pahnurus (the Langouate)^ Tanneau 
ophthalmiquo est iiarfmtomont distinct, ct sc pre sente sous la forme d’uno piece 
sclerodcrmiquG impaire, courto et large, si luce en avant du herd frontal do la 
cariqiace, et au-dcssus do Pauncau antcnnulairo. Lea appendices ophthal- 
miqiios, ou tigos oculuircs, naisscnt dcs deux extrc'miti.% do ce segment, et so 
composent chacun do deux articles uno invco quo j'appoUerai IccsopJuhalmite, 
et uno seconde, qui porte k son cxtrcmitc la cornt^e transporento, et qu’on 
pout nommor podophtJiahfnf^P 

Miluo-Edwards in the sumo manner sho^s how in sovernl spocies of Palt- 
mrv$ the antoro-modian portions of the carapace project more or less com¬ 
pletely over tho ophthalmic nng, and so (L c. p. 255) “ par consequent, 
ouvert h ses deux oxtremites laterales pour Ic passage dcs tiges oculairos, efi 
Tospeoe do cadre ainsi constitue auUmr do la base do ces tigos forme la por¬ 
tion fondamontalo de Porbito ou irou orlUaae,** 

Thus tho orbit m Crustacea is formed by tho tliird or second antennal 
somite reaching over and coming into contact more or less perfectly with tho 
first antennal somite. 'Pho greater or less m degree tho separation between 
tho second and third somite abovo the ophthalmic somite tho more or less 
complete is tlio orbit in uhich the ojo is protected. This varies m difibrcnt 
genera, and is very complete in the genus Lanur (PL II. fig. 9), where tho 
ophthalmic somite is enclosed entirely by the union without fhsion of thcantoro- 
dorg^ projection of the posterior antennal somite with the anterior antennal 
somite; but, according to Mdne-Edwards, in tho genus Pahnurtt$ this porfoo- 
tion of the orbit vanes. In P, (fig. 8) tho ophthalnuc somite is naked, 
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m P fiO)}tlths it IS coAtitd und in P veneaucn it is tncloBcd , iind Milne 
Ldw 11 Is ohsci vcs lint many othct Ciustaceii offer cxamplts of tlioso tlirco 
oiganic foims Toi lustinec Pajiuus and (*ah(tnassa Invo Uio 

ophtluilmi H nnilo t \poao 1 m in J^dtna hs v Ig a /s Mom a /<s, Cuinf/oUf Pa 
(a>Y}i ))i Oalathf f f }{li hI s, itoiun, &.o ba\i this sonutt u>vtied os in 
2^<(]tnu {^/ out (Its ind Ucrnolft hw tho oplithalmic stmnto tnclostd 

Tn iv// ns tho ophthahnic Homito is icduccd to a mirunium extent, and it 
IS onl} paitiall} protected h} the aiilcnoi proj ction of tho rostrum of the 
carapace 

Milne 1 h\aids Ba’is that md ptnltTitl} ot tho h unite, tho ocular nppin 
dugca no jnnicdot three irticlt s ci joints a eoxoidith ilmiti, a basoph- 
tlinlniito and a pod iphtli ilmito, but that ordin uilj (ho coxophtbolnnte is 
rudiment irj oi ol s( ieto 

Ju the genus yilj h eas (hg 10) and eitlier fossoiul maniu forms the ocular 
apponligo IS redu ed to in extent th it illows the carapace to cover it 
entile 1} , but in tho lanal lurm the oigan (fig 11) is hcpu to bo as woU do 
veloped and as piomintnt is tliat of luy aejuitie species It is in this way 
wo mil} assumt Ihittlie sessile condition of the organ in tho J driophthalmia 
(tig LJ) lus boon litained, fust bj tho cuitrietion oi leeluotioii m extent of 
the oonlui ippcndugo, so th it tin ante'uoi ^\ull of the ear ip ice shall cover it, 
and then by tho moic lutimute eonne^vion of the organs with tho struetnre ot 
tho paitri tint pioleet them and iiltim itely with euliro absorption of tho 
oeul ir ippen 1 igc , tho e}e ueoives its supp )ifc fiom the w alls of tho caiajiaco 
alone 

I veil hell the oigviis aro the mat Ivea fti ill liable to depreciation, thus 
thejso tint OMst uhoie light is absent (which iuha)>it dec]) wells, subter- 
rane iU cues anl e\eu itions in tho dejitlis of flio ocein) first lose tho 
daik colour ol thi uflteting [ngments which is hoou feillovted by a dogono- 
ntion of th(i chai icter aiidappeu ince of the lens In an Am 

phii>od that lues m nuidd} bottoms, ill the lensos but tvso hwo diaappoared, 
and the pigment h is bee mio i d in the uell bhiimp ( ^ijjhngtis) tho only 
ti ICO of an eje cMsts m some jclbju I oking pigmont while in tho Podo- 
Ijhthiilmia we find tlial Pol f Jieh^t (IltUei) a pi awn fi om tho Adriatic closely 
allied to (it n d ideiiiictd with) Dulamut trom tho deep boa drodgmg of tho 
‘ Challenge i txpi rlihon ind anothei fi im the Mammoth ( avos of America, 
as well as j)h b/ a t ti (Wood Aliison) from loimoaa, have tho eyes 

wanting as oigins of iision, while the} letain them ns obsolete appendages 

7ho second pair of uppe^ndages is tlio fiist pairef antonnoc Tliese M 
Milne 1 dw els h is n imcd (fen tho sako of convemonco in distinguiBhing them 
from tlie second pair) tho unUnmtles But as this term is one, in itself, 
that is sugge^stno ol diminutuoness and infonoiit},! think that it had bettu 
he emplo}td us htHe^ ns possible GoneraJl^ speaking, this pair is smaller in 
proportion thin the socond but usually it is of a more highl} organized 
atiucturo, and diminishca in dimeuBions os it becomes important m its 
functional properties 

Iho appendage consists, in its normal condition, of three joints, homo- 
t}picalof the coxa, tho basos, and iscbium of tho true legs in Crustacea 
lliese three joints support nn extremity that is very liable to vary m form, 
number of blanches, and gonoial appeaianoo , but one of them must be ro- 
^fyded aa tho primary bianch, inasmuch as it is invariably fuinisbod with a 
of organs peculiar to it, und found on no other part of tho animal 
Theso aro slender, dolicatc, mcmbianous, throod-like processes, that ore 
liable to vary somewhat in form ond size, but are all but universally present 
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in aquatic Crustncca, and which, from their Buppostd connexion with tho 
Bonso of hcanng, I hino clRowhoro denominated aiuaJ ciUa, Tho sccundmy 
branch la Iobb uupoitant, and frequently diMdofl into two or inoio lami 
E^molimos thcpo llaf^eUifoim biomhcs are r(‘duccd in hi/o to a nnnimnm 
amount, and this f^cnoially corresponds with tho highest clmraftor of tlio 
organ, for it appeals to he m inveiso latio- tho longoi and more o\t(:nsi\o 
tho character of the tornnnal llogolla, the loss dovoleptd is tho htiuctuuil 
condition of tho organ of seiihO contuinod within tlio peduncle, and, on tlio 
othci hand, tho more devclojicd tho flonsational organ, the feeble i nnd less 
numerous is the organism and less antcnna-lilvo is the gonoial character 
of the distal portions of the appendage To this very constant condition in 
tho aquatic forms of Cinslaccn w'e liavo a variation in the tenesliial 
hpocies 111 (he genus Oaisn/s nml allied forms ot Isopoda, as a\( 11 as iii 
tho littoral vaneties of Am])hipoda, such as Oichc’^hay Ac , tho first 

pair of antennic uro rcducc'd to a nnnimnm piopoition eonsistont Mith their 
presence, without ail) incioascd iiupoiiunce in the structural condition of tho 
peduncular ]ointa, as far as I ha^e been able to asccitain 

In tlio highest t)])os of ('uistacca the coxal joint is con'^ideiabl) enlarge*! 
pi 1 fig H/>, Report for lS7o), end eoutains within it a (ornplicated 
chamber and highly d*!^ eloped organ of sense , in tiie ^rnciuious loinis 

a loss complicated chamlier exists, with an external ojicning into ^vllKh 
small grams of sand find their way in others, as fiist 8ho^^n \>v Jhofessor 
Ifuxley in a spc'cK'S of Stomapod, 's\ell-do>eloped forms rescmhling otolilhrs 
arc present, tins Dana has ohseived, and I ha\o bt'on oiiabli'tl to confirm in 
a species of Amh’^tia fiom Australia (R1 II figs R'i A 14) 

In some genera, as MifSf'i among tho ^tomapoda, the} vmy in form 
according to aoxual distanction Tho male animal Ims tlic two tonninal 
flagella feeble and Blender, while a fasciculus ot etrong hook-foimed hairs 
are planted on tho inner nnd lower angle of tho most distal cxtnmnty of tho 
second ]oint of the peduncle, while a similar but h‘ss powerful group of bjhuc- 
hko hairs are planted on a strongly proiocting pioce^s on tho infciioi distal 
extremity of tho first joint(Tl. H fig L>) There are other liaiis implanted 
on the lower margin of this joint ot a \cry delicuto ciliated chanictci Tho 
peduncle of this antenna le very powerful, and there can be little doubt but 
that it IS useful qb an organ of ])iehcnsioii, most probably cmplo}ed in se¬ 
curing tho mate These sexcral facts are dcmonslrati\e ovidence Unit tho 
first pair ot antenna) ore connected x\ith the acoustic pioiierties 

Of this I puiqioso tn ating, as xvcll as discusMiig the obser'sutions made by 
Dr, Hesen in his rcsoaiches (^published in on the auditoiy oigims <jf 

the Decapod Crustacea, when I report on the internal stuicture of the aninial. 

Contrary to a possible condition of all other appendages, tho coxnl joint 
of tho first pair of antonnro la never absorbed into or fused with tho Mernal 
portion or ventral arc of the somite to which it belongs. 

The third pair of appendages consists of tho second pair of antenna?. 
These are often very large and powerful organs, fioquently adapted os 
weapons of offence und prehension. They consist of two dnisioiiH similar 
to tho first pair, that is, a peduncular and fiagolliform part. Of tln^o tho 
podunculai consisls of fixe joints, the llngclliform oxtrcmit} of a strong, 
Bohtary, multiarticulato rod in its most normal condition, but it very fre¬ 
quently varies m form, but never increases in the number of its branches. 

In the Mocrura generally tho flagellum is produced, on an average, to 
about the length of tho animal, and is mostly multiarticulate in its chnractoi, 
the small arhcuh varying in number and length. Sometimes, as in SeyVants 
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(fig. 1 fi), it consists of a single disk-like plate. But the greatest tendency to 
variation in form exists in tho Ampbipod and Isopod Crustacea. In somo 
of these it roaches to a very considerable length and is multi articulate, but 
in others it is reduced Bometimea in length, sometimes in form. In Tafitrvs 
it is reduced without alteration of character to a very small size, so it is m 
Hyperia , but while in tho former it stands on a long and powerful peduncle, 
in the latter tho iMuluncle is short and feeble In Cltelura the flagellum is 
broad, ilat, and uniurticuhite, and fringed witli a dense mass of soft hairs. 
In Vodoce^ its and a few clesoly allied genera the flagellum is formed of oiio 
or two large arhculi or joints, and the hairs are reduced in number but 
incroasod in strength, and become hook-like spines In Voioplnmn tlie 
whole antenna be.irs a near resciutilnnco to a true wmlking-apivendagc, and 
is no doubt used to assist in progression, ns is mostly tho case wuth Crus- 
taoca that inhabit tubes and hollo\\B of then own excavation or building. 

Tho podunclo of this antenna is mvambly formed of fivo joints I'hoso 
are — 

Tho first, for which Professor Milne-Edwards has BUggested, m the memoir 
quoted, tho uamo of rorocente 'Hus contains within it an organ of sense 
winch Itlilno-KdwaidH helicies to bo connected with that of hearing, 
but 1 think thoie will bo lit Ilo diflU ulty, when reporting on the internal 
anatomy, m showuig that it is counectKl with tho olfactory eonso. In 
tho Amphipoda and Isopoda, with but few exceptions, such as 
Orcliesixa^ ika , tho first joint is free, hut so it is in many of tho Maemrous 
forms, such as Astaetts, IJornariis, &c But in Pahnuxus it is strongly built 
into and fused with the ^ontial arc of the fourth or next approximating 
somite These parts are still more closely associated in tho Brachjmrous 
form, so that it is difficult to doUuraine where tho antonuED end and tho 
region named by Latreillo tho qmstome coinmonces 

^e second joint, named by Milne-l^divards the hasocerde^ is gonorolly 
short and Bnp])oits at its extremity a movable B(piainiform aiipimdago, to 
which the same carrinologist has given the name of scoji/wxznfc. This 
appendage is constant in all Macrurous forms of Crustacea. It appears to 
bo wanting in tho geiuiM Pidnivrus only , Imt even hero it is reproftontod, as 
I had tho opportunity of fthowuig, in tho llcport on “ Tho Marino Fauna of 
Devon and Cornw'all,” by a figure of it incorpoiated in tho intogumentof tho 
succeeding joint, as if it were aljsorbed by pressure against it. 

This appendage (scaphocente) does not exist in any of the forms higher or 
lower than the Macmra, except (PI II fig 18) in tho Entomoetrooous 

forms, and thut peculiaily interesting httlo Tsopod ApsexuleSy in which genus 
wo find a small squamiform phito resembling and probably homologous with it. 

Tho third joint the above author has named the TschiocoxtCy and the two 
following the mesocertie and tJio cntpocentey while tho raultiarticulato 
fl^ogelliim, which corresponds to the penultimate joint of tho thoracic 
raemher,*' he calls the piocex de. It is rather a cunous oversight that, while 
Milno-EdwoTfls has been most particular in identifying the several parts of 
the second autenme bj >ui O8i>eoial name, ho has omitted to give any to those 
' of the first pair of antennai, tho three joints of the podunclo of which are 
homotypical of tho coxocente, the basoconte, and the isohiocerite of tho 
yiecond pair of antennas, but tho flagellum, instead of being homoiypiool of 
the procorite, represents tho mosocerite and tho successive articulations 

In the Macmra generally the loints of tho peduncle aro distinctly separated 
from one another; but in somo of the higher forms, such as Aatacmy Homarua; 
and PaUnuruSy they exhibit a tendency to crowd and coalesce with each other, 
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that is increased in the Anomure, and carried to sucli a degree in the 
Brachyura, that in some, fia in Mfneth(puftf Leptopodxui^ Matn^ &c., tho first 
two or three artirulations are not to bo distingui^od from the surrounding 
structure except by the |)OBition of the olfachiry opening. 

In the Cancorulio all tho joints of the pod undo (J*l II. fig 17) are fused 
together and are so closely implanted in the structure of the facial portion of 
the two first somites that they assist more or loss perfectly in forming tho 
walls of tho ocular orbit, tho several variations of which are made uso of by 
Alphonse Milne- lild wards ns a means of assisting lura to distinguish the several 
genera of the Canoendes from each other, and which, from their easily acces¬ 
sible position, might bo found a convenient aid m assisting to determine 
genera among fossil forms. 

Among tho Amphi|>oda all tho several articulations are distinct from one 
anotlior and from tho liody of tho animal, and tho olfactory organ is carried 
in a long tooth-liko proccus that is open at the extremity This arrangement 
18 not BO distinct in the Isopoda and tho torrestnnl Amphipoda It also dn- 
appears in certain abnormal forms of aberrant and parasitic Isopoda 

The next suce^ieding, or fourili pair of a]>pendages is among the most Con¬ 
stantin the subkingdom Within certain limits tho mandibles vaiy with every 
genus, and ^\ould form when detached a mu) ceit.im means of generic diag¬ 
nosis, In the most simple condUmii, where tlio} appioximato m form to that 
of tho jieduncuJar poll ion of the second pair ot antenna', t]ie> oxist in Nchaluc 
(PI III fig. 10). But, as stated bj Milne-Edwards Hcpielotle tegiimentaire 
des Crustacifl decapodes,” p Ann dos Ho Nat ISo*!), tho mandibles are 
not appendages simply applied against tho mouth, but- occupy of themselves 
a special cavity, flanking oi. either sido tho cntranco to tho alimentary canal, 
which, when tho two are brought into juxtaposition in the median lino, they 
generally close Tho mandible in Nehalia {VI III. fig 19) is formed of a long 
osseous process that projects mternally, and is secured by muscular attachments 
to the dorsu I surface of tho carapace, a large obtuse-pointed process 

is projected inwards across the mouth, and antagomzos with a corresponding 
process on tho one opiiosito. This process is very liable to vary m form m 
dififorent genera Bejond this process, at tlio root of ifc, springs a cylindrical 
osseous continuation, at the apex of which aro artiruin tod two equally long 
and important joints. Tlioso two joints aro homologically tho same that form 
the small appendicular appendage attached lo tho niaudiblo of all Crustacea 
(PI II I, fig 21) so persistently that theirubaeuco is a fact to bo recorded in the 
structure of special genera, such aa Tahirxis and Orclmtia among tho Amphi¬ 
poda. In a scientific point of view, tins appendage must bo part of tlie 
primary portion of tho theoretical limb This idea also receives confirmation 
la the form of tlio mandibles of tho genus Pontxa of Milne-Edwards, where may 
be observed a secondary ramus attached to tho extremity of the first joint of 
tho appendicular branch (PI Ill. fig. 20). 

^ This api>ondago M. Milne^Edwards, in the nomenclature that ho has 
given, proposes to name tho protogimih , but tlio first joint, or true mandi¬ 
bular portion, ho calls tho ^iroto-co vo^nathxie, and tho second joint tho prot^ 
ha$ognath%te, and the other joints in eucccaslon after tho names of the 
rcspoctivo Joints in tho ideal appendage which they homologically re- 
pn^nt. while wishing to give all honour to that distinguished careino- 
logist fbr the care and exactitude in determining tho several parts of the 
structure of a cnistacoan by means of a distinct nomenclature, it is with 
regret that I am compelled to admit that they would be more practically 
uaef)il, and consoqnently more generally adopted, if tho terms were less 
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lengthy, and 'with a less redundancy of os^pression. I sliall therefore in this 
report, rb far as possible, adopt the terms of definition proposed by Milno- 
l^dwards, hut omit generally tho njjpcndKular tenn so coiibtantly repeated 
by him. llius the terms coxa, buBos, iseliium, mesos, carpus, propodos, and 
ductylos will bo sufficient foi wliatcvei appendage T may be/writing about, 
without repeating the name of tlie appendage, whether podttc^ cei tie, 

or other, after that of each indmduul joint 

But it iH only just that ProfoBsor AliIne-EdwauVs reasons for adopting 
these toi iTiB should be reportt d m his o’nn ords Minting of the appendages 
of the mouth, he sajs 

“ Bopuis Ics beaux travaux de Sa\igny siir la boncho dcs animaux orti- 
cules, on a'accordo gt'nnalenieiit h (onsideicr tons ces orgnnes commo <'tant 
dos Iiomologucs des pattos, mais on les distinguo presque toujoura outre cux 
ROUS los noms jjarticuliera do mandibulcH, machoiies proprement ditcs et 
raachoires auxiliairos ou pnttos-niachoircs , cos designations spcciales eont 
quelquefois utiles , niais, dans la plupart dos cas, il est preferable do con- 
Bid<‘rer tous ces npi)enduo8 masticntcurs commo dcs raembres d'un soul ot 
mfine groupo oiganique, de leui dormer iin nom commnn, ct do speunhser 
te nom par Padjonction eVuno rncino adjective, on pouirait de ]a sorte los 
appclcr piotognntho, deulognatbo, etc ct fane cnticr le mot gnatbite, commo 
raevno constant, dans la composition dos noma apphquis a chacun dcs aitides, 
ou dcraentfl Kclcrodcrmiqucs, dont i1b pout forme(Vs gnathites ficraient 
difiTeroncu's u Faule dhin certain nombre de racines adjoctnes incliquant lour 
position dans lo membre, et lorsquo dans low dcscnptions /oologiqncs on 
aurait a cu parlor, on pourrait so bomer h ajouter aux noms composes, epn 
appartiendraient en commun a tous Ics tcimcs de chaquo scuio dcs pieces 
homologuos, un numcro (Poidro pour indiqucr Icui p{‘sition dans cetto seno 
organique, c*est-A-dire les appendKOB aux(|uel8 ils appartiennent Ainsi je 
liroposcrui d*appeler coxof/tutthitey hasHjnathiie, vUsognaihdef etc. les articles 
([Ui, dans hi sc^iie dcs appciichcts mnMllaircs conespondent ou coa lie^ an hasite^ 
etc dans les auties incmbrcs, ct dVppclcr puniier co\ognatlutc la pu'ce de 
cct ordre ipn apparticnt ou proioqnaihite, deuMcmo co^iotjnathife cello cpii 
apparticnt au deuioijywih'iic^ C'te Co bysUmo de nomenclature obt A la foiB si 
href, SI commo^lc et si t^mmemment signiiicatif, quo je domande aux card- 
uologistes la permission d cn fiuro usage non sculoment dans les considerations 
morphologu^ucs dont jo m'occupo ici, mais auesi dans les travaux taxolo- 
giques quo je me propose do pubhcrprochamemcnt ^^quditte tffjumcntaii e 
des Cnistuds dreapodes^^^ Ann, A^at 1864, p. 2(i7. 

Tlio innndiblo or protognathc is sometimes veij large, and at others reduced 
to a rudimentary condition. In rahmuna it occupies on each side one half 
of the breadth of tho animal, and to remo’ic tho two mandibles is almost to 
decapitate tho animal. In some of tho parasitic forms it is reduced to a 
rudimentary condition In tho female of ^biccus {Pnnifsa) it, 'With other 
appendages, coalesces to form a probing or lancing instrument that projecis 
like a proboscis beyond the head; while m the male of tho same genua the 
mandibles arc situated on the anterior margin of the head, and stand pro¬ 
jecting like a pair of rude irregular antenn®. But in this animal tho mouth 
la closed, or at most represented by a microscopic aperture, as it, in this 
stage, exists without eating. 

, In most forms of Crustacea tho space that exists bocw'cen the anterior 
moigin of the protognathe or mandible and tho posterior margin of the 
epistome is occupied by a fold of the membranous tissue that csncloses tho 
oral cavity. This fold is frequently ossified and projected into a strong 
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liibium or movable lip It 19 very conapicuowH in young animals, and fre- 
(luently m adult forras, pniticularly among the Amplupoda It is represented 
by two small osseous disks in PalnmmSy and a single small triangular plate 
in Vanctr Coiresponding wiUi this hibium posicnorly is another that 
protects the opening between the mandibles in this direction This is idso 
supported frequently b} ossejus pi i(es bat this organ is not constantly 
del eloped bc}ond a limited extent, except in a leir instances In Pahnmm 
it consists ot i central ossioiis plate, having a sutuic through the median 
lino, from this base it piojc(ts lu two long memhianous sac**, supported on 
the outer or posterior surface by one or two osseous pi itcs (Pi III fig 22) 
It 13 this orgin, it appears to nio, that lepreeents and is homologous with the 
lip-plato or metastoma in Fm i/jHotis, PleufgoUi^^ &c , th it has been so fully 
desenbod by Huxley, AVood\^ ard, and S dter 

Iho fifth or next succeeding pur ol uxipondagcg is Umt which Prof Milne- 
1 dwards has eallcd the d(ut ignathe It is vvh it has been known iti popular 
earciii dogy as the first pair ol foot jaws, and first mnxilli or hi iguoporla in 
the * History of the llntish Sessile ejed ( rustacea,’ the latter name being sug¬ 
gested by Piof estwood as tho (iietk o piivalent for the I atm name of 
Ihofivepairs of appendigcs succeulmg ihe mandibles, v\hich \\erc collectively 
iQTVL\<ii\paites^rtxdchoiies by Cuvier, Sa i„n} / <S.e 

The deutognathe m all known foims of Ciust leca exists m the adult fetigo 
in an emhi}omc condition , it is sm dl in size, feeble in power, and eonsisU, m 
different genera and families, of a v iijingnumbir of tbm 8(piamiform plates 
1 ach ]oint of t ho typic d limb, as far as presc nt in tho adult condition (PI 111 
fig 2J), offers no very exceptional dislinction from the same in the embrj- 
ouic stage (fig J4) 

Tho U lingnatha^ or sixth pair of appendages, supports the idea of the adult 
f Jim bearing a close resemblance to that of the zee a or cinbrjonio condition 
btiU more decidedly (PI III figs 25 20) 

Iho beventh ^air of aijjjendagLS, the Utai iognaflie of Milne Fdwards’s 
nomenelatuio, 18 the first pin of 'hhuJioi es cf Savigny, or the 

anterior mdckoires or loot javi s of most authors 

Ihese, m tho adult Hiaehyiua, arei still moio crabiyonic in appearance. 
In Mma and Ccnicft tluy arc very' reduced m size and apparent importance 
(PI III fig 27), but in some loss liighly devdoptd ty^jes, Bucli as the Am- 
phipoda and Isopoda, where tlioy arc generally recognized under tho name of 
ma^ilhpeds {V\ III fig 28), they assume a moie important feature, and 
boar a not very distant resemblance to the typical foim from which they 
are eujiposcd to depart In 27 (aha they closely rcstnihle the posteriorly 
succeeding pairs of limbs but in this genus tho whole of these giadually 
degenerate to tho embryoine condition os they lecede from this point 

In the larval or /ota stage of Ciustacca they are wanting m tho higher 
fonns 

Those three pun's of limbs appear to mo to offer an interesting and valuable 
example of the manner in which any great changes in the variation of tho 
structure of an animal tokos place Iho crowding together so to speak of 
the three postenor somites of the ccphalon, so as to bring, as much as possible, 
tho seveial pairs of appendages withm the limits of tho oral region, so crushes 
them m thoir position, that Ihcir usefulnesB as separate organs must be much 
impeded It would therefore appear that tho crowding of appendages 
together interferes with and arrests tho progrobs of their dovolopmont, while 
they are beet suited to exist under tho altered conditions where they are 
the least inconvenient That they ore of httle or no importance in the 
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ooonomy of tho animal can, I think, be doraonstrafed In the habits of thoir 
life—a oiroumstanco which, I think, can bo shown in Iho slight voriation of 
thoir structure in the adult stage from that of tho larval form, to depart in 
the anterior tnomberB towards tho mandibular form, and posteriorly to put 
on conditions most consonant wuth tho usefulness of tho succeeding appendage , 
that is, while tho anterior ones feebly approximate tho mandibular form, tho 
posterior ha\e attached to them parts resembling immature branchial organs. 

Thoao seven pairs of appendages are alHhat belong to tho ccphalon or head; 
and it appears to mo that, however closely any of those that succeed may bo 
associated with them in functional pur|)oscs, they aro homologically distinct, 
and, as mombers of separate portions of the body, they should be named 
and distinguished in a sciontific nomenclature moie in accordance with their 
homological relationship than uith their functional power 

Tho next pair of ai>peudagos is tho llrst that belongs to tho poreion or 
Ihoiax in the Crustacean type of animals. It is tho eighth pair in jibstcrior 
rotation, but is generally named by authors according to its relation to tho 
mouth It IB tho 'ptmptoifnaihe of Milno-Kdwordss more recent nomenclature, 
tho second pair of iri/uhoires am thanes of Ha\ign\, and the second jjair ot 
marylhptfh or foot-jaws of most earcinologisls It is the fouith 
according to Professor \N^cs!uood’s suggestion, and tlu' firat pun of gmitho^ 
poda of tho * History of lintish Scssile-eyed Oustacca/ according to tho 
nomenclature of tho author of this report 

This multiplication of names for a single appendage, signifying, asi they 
severally do, various aftinities, is by no means llattcring to tho Btucleiita of 
Crustacea, but, to a largo extent, it occurs from tho circumstance that while 
one anatomist hns contemplated tho animal in tho adult and higher concent 
tratod forma, others bavo contemidatc'd it in tho more imperfect tjpes It 
is thcreforo tho object in this report to bring together these several and 
vanoua discropancioa, and domonstrato tho relationship of parts through 
thoir various degrees of growth and change, and retain by one fixed name 
tho same part however it may vaiy in structure or functional conditions 
through all stages of variation in Cnistacean life. 

In Crustacea the eighth pair ot appendages in tho structuro of the ani¬ 
mal is tho first x>air that belongs to the bod). In tho Brachyura it 
exists in tho samo typo as is found m tho /oea or larva form (% 29), 
from which it varios only in the more robust character of some of tho 
joints of which it is constructed (PI III fig :50). In this state it vanes in 
form and degree only within a limited range, gradually becoming more p©di- 
form m character as wo examine it through the Macrura (PI III fig. 31) m 
tho descending order until wo reach Squdla (IT III fig 32), where we find 
it dovelopod as a largo and important organ that gives a decided and distin- 
gmshing feature to tho animal. Through this gonus wo aro kxl to the 
Enophthalraia (IT. III. fig. 33), among which wo find that in tho Amphipoda 
it is formed on tho same tjpe os in SfiuHla, hut giiidually aiiproaching in its 
general oharaotonstics and appearance those of the sucecoding pairs of logs, 
until in iho Tsopoda it is in most families uniform with tfiom. 

Thus wo BOO that not only m their relation to Iho body of tho animal, but 
also in their most general appearance and affinities they are part of the 
same system of appendages as those posterior to them, and that their relation 
to those anterior arises from that crowding together of parts in the higher 
typos of Crustacea that forces an abnormal form as the result. 

This pair of appendages, os being the first attached to tho “ pereion'' or 
body of tho animal, may with consistency be called, as it really is, the 
first pair of ptreiopodn. But throughout the higher Crustacean forms tho 
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flrat two pairs of appendages are functionally utilised as attendants upon the 
mouth, and whore this is not the case they ore formed as organs of prehen¬ 
sion, more ospeeially among the mule ammalfl. This is exemplified even in 
those species, as among the terrestrial Isopods, whore tho outward fonn is 
loss striking, but the whole appendage is atrongthoned for grasping purposes 

Tho next or ninth pair of appendages la almost if not universally formed 
upon the same ty|)o as tho piocoding There is a departure in dogioo to bo 
found, more pronounced in the Braohyura, in consequence of the appendages 
crowding so much on one another Thus, while those that experience most 
the proflsuro of those that overlap them are precluded from attaining their 
fully developed forms, the external ones, or they that overlap tho preceding, 
have, in order tho moro perfectly to fulfil thoir duties, extended their own 
surfaces, so os more effectually to protect tho oral cavity, os an operculum 
covering tho mouth. 

Those two pairs arc vanated so constantly from'the other appendages 
of tho poreiom that I think it will bo found con\onicnl m most oasos to 
designate them by distinguishing names Tho Uej>ortor has, in tho Report 
on tho Amphipoda in 18(1^ and elsewhere, called them gnathopoda, as foot 
or appondoges connoctod wilh tho mouth, atid I bog e\('ry reason why this 
namo should be adopted throughout tlie whole enbkingdom, as ono better 
adapted, both functionally and homologicnlly, than those proposed either by 
Milne-Kdwnrda’s latest nomcnolatiiro, or tlio still loss correct ones in popular 
use of previous authors 

In the larval form tho second gnathopod is loss advanced than tho first, 
but in tho adult stage it is larger and more efficient. An exception to this 
exists m Nehahaf where all tho appendages of tho pcrcion are developed 
upon an immature or embryonic type These gradually decrease in power 
and form the more they recede posteriorly All those appendages exhibit 
the seven joints that aro present in the formation of a single limb; and in 
those instances whore there is a decrooso m that number, tho joint that is 
wanting la lost at tho extremity. This appears to bo very general through 
aU tho Brachjural and Macrural diviflions 

In the higher forms both pairs of gnathopoda carry a secondary branch 
as well as another that has gonorally been known as tho “ flabolliform 
appenogo.” For these Milno-Edwards has proposed the name of endognnthe 
for tho primary or internal ramus, eaognailit for the oxtomal or second 
ramus, and fjpt^nathe for that which is generally known aa tho flubellifonn 
appendage,” and meBo<jnailu for the fourth But as tho repiescntativos or 
homotypes of these same appendages occur in different grades of Crustac^ean 
form, and whenever they do occur they bear the same relation to the limb 
from which they spring, it w’ould be bettor that they should consistently 
be known by their nomotypical character, rather than vary their name with 
every sucoeefhng appendage. Thus tho flabelhform appendage invariably 
springs from tho coxa or fliyi joint, and is horaotjpical of the bronchi^ 
organs in other pairs of limbs ; another is invonably connected with 
the haaoa or second joint, and tho third has its origin in the xschtum or 
third joint. One or all may be suppressed; but whenever either the 
ono or the other is present it has its origin in its own peculiar joint, 
and as such should be identified in any scientific nomenclature. I there¬ 
fore suggest the names of coveephysU^ hasecphyaia^ and ischutphyBxs for the 
several parts*, as branches springing from those joints, in whatever appen¬ 
dage they may be found. Thus tho secondary branch that exists attach^ to 
the logs m Phyllosoma or the young of Patinurus is an ischiecphyBis; in 

* The name of the joint being (xiinpoundod with tho word tprovt or hrancK 
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Mysls a very similar appendage is the basccphjsis, while the hranchioc are, 
lu all coses when picsciit^ the honiologucs of the coxccphjbi'^. 

The next five succeeding pairs of appendages aio the tiue legs as they 
exist in the typical forms ot Ciustiicea, and it is from the general appearance 
of them thai Ihe higher foims are known as Doenpoda, or Teii-foot'ed Cnis- 
tiicca. In a scienlitic [xiini ot mow the name is incoircct and misloiiding, 
for in many ot the Alaciuia and tho Edriophthalmia they aio twelve or 
fourteen in number, while in the Anoinura the de|aitino of the last two 
pairs of pcreiopoda fioni tho topical form is as great as the two Hist m 
many other forms, eonsciiuently tho name of Decapoda^ as well as Dana’s 
name ot Tehadanpoda^ is hotli inoonect and homologically untrue These 
live pairs constitute tho loiiih to the fouitconth pairs of appendages; hut as 
they are limbs attacluMl to tho [)eieion, 1 have cl«owheio suggested that thoy 
should bo known as pereiojiod.i Rfilno-KdAv.iulH, m his nomcMiclature, has 
not ulcntitied them w ith an^ dintinguisbing miiiio , ho merely calls the untciior 
pair, which is chchfoim in many genera, by tho name of htas (arms), and tho 
rest^< 7 //c^ (feet), and it is n'mmkiihle thai ho should identify oaoli one of tho 
seven joints that is present in its constiuctiou by a distinguishing leini; hut 
tho entire member be dotinos by an unscientific but iiopular jiliraso that is 
inconvenient, as it is found Unit ihe piehensile power is not confined to a 
single pair, but, as in Adams and dfomenm, is the property of other hmbs, 
while in some, ns in Snjllu) us, it does not exist m any Carrjing tins 
obsciwation into other foims, we find that m eortam Amphipoda tho great 
thclato or nim-hke organ cMsts in the fifth pair of pcroiopoda, as in 
Fhiomma, Thus w e eco that the power of being developed into a grasping 
forceps or hand exists m each or all the pcreiopoda m succession » Ihoreforo 
tho term of arm, or hi ccf, is inadmissible in a scientific nomonclature I there¬ 
fore propose to call these e pairs of apptMidnges tho pcreiopoda, in accordance 
with tho terms used in tho ‘ History of the liiihsh ftcssilc-ejod Cmstacea/ 

They invaiiabl) consist of Re^en joints, theso arc most distinguishable in 
tho Macnira and tho lower forms In tho Iteport on tho Sossile-ojed 
Crustacea, 1S55, tho author clearly demonstrated tho several joints respec¬ 
tively in tho Amphipoda, This required no ofFoit on his part to interpret 
in the Macnira, since in Ifortnuiis^ Asiam^y and J*ahnnru8 tho general 
points are very dibtmguishablo, but as wo examine higher in tho scale of 
animals, we find that in tho Anonmra tho roavc of the scleral pairs of legs 
are gradually becoming absorbed and becoming part of tho ventral surface 
of the body, and this m tho Braebjura is earned still further, inasmuch as 
it IS difficult to define how much of the structure is duo to tho logs and how 
much to tho body, and it is not impiobablo that tho appendages have en¬ 
croached upon and absorbed tho generally more important structure, 

Tlie coxa or first joint appears to be e&seiitial to tlio existence of tho animal, 
inasmuch as it is tho scat of all tho more important organs connected with 
the vital existence. Tho auditory and olfactory senses are situated lu tho 
cox© of tho antenn©, and all tho branchial appendages have their origin m 
the cox© of the peroiopoda, while the sexual organs, both male and female, 
are implanted in the cox© of the seventh and fifth pairs respectively, Tho 
next two joints of the limbs may, and in pomo of tho Stomapoda do, carry 
appyudagea attached to them, hut none of tho joints beyond tho ischium are 
over so furnished. 

The anterior pair is the ono most commonly developed in the higher forms 
into large ohel© or hands. It is the more general in tho male than in the 
fomole, and I have commonly observed that tho female chela genersdly 
corresponda more closely with tho less-dovelopod chela in males than with 
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tli0 greater Sometimes the male appendage is developed bo monstrousl) 
that they appear inconvenient and burdensome, and nro occasionally so lon^ 
that they are iiRelcsa m on atlompt to reach tho mouth Thus in ilo'tnam^ 
the animal feeds itself with the small posterior pair In (selassaynus no 
ingenuity on the part of tho animal Mould enable it to roach the mouth with 
tlio o^tromitus of the large chelite organ In the process of feeding they 
are useful onl} as holding loodMhilo tho animal curies it to tho mouth Mith 
the smaller but more con\cniGnt organs llie chela is alwajs formed by tho 
greater or less amount of dc\clopmont that is given to tho inferior ang'e of tho 
distal extremity of tho antep( nullimito joiut Ihis powti of pioduction ap¬ 
pears to bo d jnn intin eiery hmh, since wo see it occasionnll) exhibittd in all 
IhuB lu Pahnurua it la rudimontardy present lu the posterior pair ot portio- 
poda, and m tho g* nus Payiu it is developed into a small but officitiit orgin, 
by which the anirud cleanses out and lemoves obatiuctivo objects that may 
have found their way into the branchial chamht i, and so fulfils tho same 
duties as those performed bj the attached to tho gnathopoda, and 

which are wanting in tho inomura 

The tact that tho coxa, of all the kgs attachcfl to the pereioii aic m some 
orders absorbed into the Bttrnal jdastion, while tin \ aie not so lu others, 
oilers a lead) and site meins l)j which paleontologists mi} dtUrmine tho 
order to which a fossil Crustuctan might belong b} tho e\id<.iice of a single 
leg Ihus it will be seen iiiMin ihl} that seven distinct and tree loints are 
visible m tho Maenira, while onlv six ire free in tho Hrochyuri wlureis 
in tlio \norauia there are bi\ liio and one partially so Ihis oMduiee 
might ho earned still furthei inasmuch as its and J/oma) us tho eox c 

are seen to approximate to each othtr on the cpposilohidts doscl}, while 
in Pahnunts they are noai antciiorly and hroadl} separated posteriorly 

Iho appendages that f dlow are those that aio modifn d lor bwimming 
When exhibited in tho must normal oondiiiou, they consist ot a long pedun¬ 
cular stalk supporting two tblorig kaif liko plates, sunounded b} a. liingo ot 
pmall hairs Sometimes they consist ol a scuts of multiaiticulations, as in 
Amphipoda some limes of long c} hndneal uniarticular branches, as lu Cancu 
Ill some instances, as in \iaU i, Ihcio is a third branch that springs trom 
the Bide of the pednuclo near tho base this is so membranous in characlei 
and ramilled in construction that it is evidently formed tor tho purixiso ot 
asriiBting in aeiation of tho blood 

riio pleopod i are utili/ed, acuirding to tho habits of the animal, for various 
purpoaoB, and thionghout them all then adaptation to propulsion through tho 
water is not onl} the moat conalant but also very gcnorall} associated with 
other offices 

In the Isoiioda they appear to bo tho only organs adapted for rospiratu n 
that tho animal posscSBCs Yet their rupd motion is tho only means winch 
the} possess of swimming 

In tho Amphipoda, it is this latter use alone for which these organs aio 
adapted, while respuation is fufhllcd b} other means But hero only tho ante 
iior three pairs are adapted lor swimming purposes, while tho posterior three 
are utilized for leaping when on land, or forcibly dashing thiough the watci. 
Tho Ifiopoda have only tho postenor pair so vanated, and the Maej ura have tw o 
pairs, but in this latter older they are more adapted for producing a retro¬ 
grade motion, darting backwards us thej frequently do to a>f id unexpected 
and sudden danger In tho Maci-urous forms they are also available for ibo 
purpose of retaining connexion with tho ova, and support iiig tho life of tho 
embryo until it u matured. Throughout most of the Muoruroua forms the 
ploopoda fulfil this double purpose in the female. 
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In tho Auomnra they arc only adapted for awimioing in the long-tadod 
, but in 8racbyara ihoy aro only utilized for tho auBpcnwon of ova in 
the fcmalo, and never used for swunming except in very joung aniTnals, and 
reduced to tuo pairs onl} in tho male, where the^ are interlocked in caoli 
other and adapted as organs aiding intromission. ( 

I cannot cloAo this portion of tlio report without expressing groal admi¬ 
ration ot tho valuablo memoir of Milne-Edwards, so frequently (moted in 
those pages. With the exception of Professor Huxley’s Hunterian Arturos, 
St (leorgo Wivart’s Memoir on tho J^ibater m tho * Popular Science Peview/ 
and a Memoir on tho sumo aiilqoct by J S liingslcy, rocontly published 
in tlie ‘ Amencau hlaturalist’ (Aug, 1876), little has been written on this 
subject of late years 

It is remarkable that so large and important a class of animals should 
have been loft so long without being Anatoimcnlly studied, and it is to bo 
hoped that the impoitant part that they must take in tho groat history of 
progrfessivo evolution am 11 gradually mduto nuturalints to gno them tho 
attention that their impoitanco deserves. 


EXPLANATION OP TUB PJL\TBS 
PiATB ir 

Pig 1 sternum from Vahmirn^ 
li Htemum from 
3. Hteruuni from LCtkodi^ 

4 SLonmm from Cancft 

fi Sternum from lat pxt, t PorHid notch 

(i Sternum from fVwuw, JongiUioniRl ecttinn ♦ Ventral pimifl 

7 Spinal processes attsi'hixl to legs m Megalofa 

8 15)08 from Pahnnrus 
t) 15)08 from Vance^r 

10 Byes from A/phteiis, adult 

11 Eyes from young 

l!i E)e8 from Antphipoda 

13 Antenna, first, from AncAisfia 

14 Otolith Irom sumo 

15 Antenna, first, Afysis, male 
10 Antemm, sevtmd, Scyllarun 

17 Antenna, second, Varner, 

18 Antonnn, second, Pm^ta 

Platb III 

10 Mandible from PJtbalia 
20 Manditile from Po) 2 iuf 
21, Mandible from PaUemon, 

22 Labium, posterior, from Pa/<a«rf^^ 

23. DCutognatlic from CnnceTt adult 
24 Peutognat he from Cancery young. 

26. Tntognathe from CaneeTy ^olt 
20. Tntognathe from Cattcrr, young 

27, Tetortognathe, or niaxdhp^ of authors, Crtwcrr 
28 Tetarloguatlie, or imvxilhped, of Aiapluprn!, 

2fl Onathopoda from Cancer, young 

30 Onathopoda from Cancer, adult 

31 Onathopoda from Macrura. 

32. Onathoi>oda from 

33. Onathopoda from Amphipoda. 
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Second Re2wrt of the Conimtiiee for tmesUgaiing the circulation of the 
Undergoovnd Watirs in ihi New R(d Sandstone andFermtan Forma* 
tions of England, and the quantity and character of the watei 
supplied to various towns and districts ft am these formations The 
Committee coni>iHttny fj/Piofcssor Jlutr, Mr Binnl\, llev II W 
Crosskl^, Captain D C vlton, Piofcs'^jor A H. Gut en^ Professor 
IIahkness, Mr II Mr W Molyn^vx, Mr G II 

MortoNj Mi Plnouly, Piofchsoi Pklsiwich, Air J Plani, 
Mr Meleard lIiAUL, Mi C lox Sthangways, Air W Wui- 
ivKEH> and All C L Ul Uancl Diavn up by Air De Rance 
{Secretary) 

Si>cr tho 1 ist AIcchng tf the AhsociiIioii year Committco have continued to 
distribute ] irgcly tho ciieulii terms of inquiry, and a laige amount of valu- 
nhlo lutorm ition )ms bt on ol taint \ cspi ci dl} ns tho doop utils of Iiver- 
j>ool Ihikcnhead Aottinp^lain anti Piriningh'im But in sort ml districts, as 
m btaftordsbire impc itant information ispionnsod so soon as woiks now m 
progress aro complete! and the members ol jtnr Committee taking charge 
of those districts have consulertd it best to defer making a report until they 
jmsent }ou with a bn il one on then particular aieas Your Committco, 
should they 1 o re ippointcd lia^c every he pe from promiHos alieudy loccived, 
oi completing the trust uhich }ou have given them b} tho next Meeting 
of tho Association 

In tho present lUport the details ot wells in tho New Bcd^Handstono are 
collected, uhich jiolel at J i\oi*]ool no less than 7,197 130 gallons dail} at 
Birkenhead moie tlian 7 inillionB at Coventry Birmingham, and Learning 
ton 4i milhons, at Nottmghim nrail} 4 million gallons at Warrmgton 
572,360 gallons at btockpoit 1 073 ^20 gallons 

Tho largest ) leld of one individual well is that at Green Lane, Old Suan, 
near Liverpool, tho avorago duil> jield of which in 1875 amounted to 
2,633,050 gallons, and the present maximum of which amounts to no less than 
1,243 5d9 gallons pumped up by Ihroo engmes, ono at least of which is 
always at woik, from a depth ot 11(J leet 

In regard to tho Liverpool u oils it appears to bo established by tho obsor- 
\atioii of Mr Deacon, the Borough Lngmccr, to quote the Avords of his Report, 
“ That tho atcr in tho public a\ oils is regularly sinking to a lowci level, or 
that if it bo maintained at a constant level, tho water capable of being pumped 
18 u continually dimmishing quantity But there is not yet sufficient evi¬ 
dence to provo what balance ot absolute quantity of wattr still remains m tho 
Baudatones of tho area capable of being drawn on by additional wells 

Amongst tho borings of which tho details will bo found in tho present 
Report, IS one at Rampsidc near Barrow in lumcss which reached a depth 
of no less than 2210 feet from tho surface, m a fruitless starch for cool At 
a depth of 250 feet a spring of water was cut mthe Permian lied Sandstone, 
Avhich jiclds 13,500 gallons of water daily flowing out at tho top of a ono- 
inch pipo, and nsing to a height of 12 foot above tho surface of the ground 
The rooks beneath tho Poimian have been proved by this bonng to be of 
Yoredalo age, tho Coal-measures being absent, os etat^ would probably be 
the oaso by Mr Avchno and other geologists before the bonng was earned 
out 

An interesting feature m this bonng is tLo presence of petroloum-oil in 
the Yoredale rock near tho bottom, which oaus^ the water cut in penetra¬ 
ting this sandstone to bo much charged with oiL 
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Yonr Committeo "would wisli to call aitoution to the publication, since tin 
last Mooting, of tho sixth and final Hi port of Her Majesty’s Commissioner^ 
appointed to inquire into tht bent moans ot preventing tho pollution of nvers 
The volume treats of tho Dumc'^tic Watfr Supply ot Great Untaui, and in 
it tho Comniissiontra state that tho New Red Sandstone Rook constitults one 
of the moat effective filtmug luodii known and being at tho same time a 
powerful destroyer of organic mitter, tho evidenco ot pievious pollution, m 
water diawu from deep wells in this rock, may bo safclj ignored, ** for bomg 
a porous and ferrugmous rock it exerts a powoiful oxidizing infiuoncc upon 
tho dissolved organic matter which percolates tlirough it lo such an extent 
IB tins oxidation carried, tU it lu some eases, as lu those of the deep-wcU 
waters supplying St Ilthns nml Iranmoro, evLty trice of oiganic matter 
18 convertcd into innocnuiis mineral rompounds 

The C ommissioncrs further add that, though tho quartz sand constituting 
the bulk of the Now Rod baiidsUmo is usually cemented togethoi by carbonate 
or sulphate of lime, tho hardnciji* of the water is generally moderate, and of 
ft nature that can bo softened hy hmo, accoidiiig to Dr Clark^a metliod, and 
that tho ‘ unpolluted watois diawu fiom di cji wells in tho Now lied Sandstone 
are almost mvanabl} dear, spaikhng, and palatable and are amongst the best 
and most wholesome w ittis loi domestio supply in Gioat Biitain rivc} con¬ 
tain, 03 a lulo, but a modi rati amount of siliin iiupunty, and either none or 
but tho merest tiiccs of oiganic uupiiiil) llicie is even rouaou to bclicvo 
that a vast quQutitv of hithciio uuutih/cd water of most excellent quality 
is to be had at modciato expense from this vcij ovUnsivo geological for¬ 
mation * 

This area is certainU not less tlian ten thousanl square miles m extent in 
England and W ties, with an aicrago raiiil ill ol 10 inches of which certainly 
never loss than 10 inehis per annum ]>er( olati s mlo the ground which Avonld 
give an ibsoi]>tion of wnter amounting to no less than one hundred ind foifcj- 
threo millious thioc hundred uulthut} six thousand trillous per square mile 
per annum, winch, on an avulable area of ten Ihousind sqmno miles, gives 
an annual absorption of ncail^ a billion and a half of gallons in England and 
Wales 

How small a proportion tho enormous quantities pumped at vmious stations 
(q8 exemplified m this and the previous Report) beai to the ainilablo resources, 
will bo at onco iqipanut Ihe abundant bal \nce left will, we tjust, ero long 
be mode available loi those towns and country jwpulalions m the Midland 
Counties now suffering all the ills so prolificully spiinging from a polluted 
water suppl} 

Midlvm) CouNms 

Name of Member of Committee asking for information. Rev Henry W 
Croaekey 

Name of IndiMclual or Company applied lo — 

Wftteiworks Coventry 

1 One 100 ft dwp, one 75 ft dtep, and one lOOfctt fiom surface 2 260 
ft 3 10 ft, 4 ft dinmetir, 200 feet, from i ft to 0 in 4 14 feet, diflerenoc 
12 hours S 800,000 6 \e«, diminished slight Ij 7 1 os, m a few hours 8 No 
9 Red Sandstone and clftj 13 No 14 Not aware ot any except at Learning- 
ton No 

* Birmingham Corporation, 

1 A%ion,jttxUt Birmingham 2 206 ft 3 320 ft, diameter 10 ft , 407 ft, 
18 m bore-hole 4 , Ov« rnowslO ft above surface, 300 ft , pump night and dav 
9. 8 million gallons. 6 Not observed to have altered 7, Not ob^ervod 
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Graina pur gailou 


Total solids 


12 88 

Volatile Cl. inbustiblo matter 


0 81 

Chloride of lime 


0 )1 

Nitiu acid 


000 

H irchi ss b foio boiling 

0" d 



9 ft ir )n tubu thr ugh lop a il uuJ drift gra\ th( i 8t all Hnu Isl int vrith 
irmrl aud paitings and ‘^omc fiin t ngloiiiiratt , hniHh t b i b 1 lu J51t thick of 
mail 10 Ych 11 12 Ni) 13 \ ^ 14 N tic imuoi than Cminock 

15 iNo 

Name of Mcrnbt r of Committoo asking ft r iiif jnnntion, 1 Mcllard Kcado 
N imc of lndi\ndiial or f oiii|nin^ iijijdicd t j — 

1 i imingtc ti I (al H aid j i Air Jhipht 
1 Ntrth oast p 11 ti )U ot Lcuuuivtun 2 JOjU 3 bOlt dtep, Hft duinn t r 
214 ft doLp, 18 11 ) diaiuelei 4 S rni d 1 \ol JO ft LlI >w suinuc 5 7''iOOO() 
palls p( r dft> 6 \A urks nit \(.t ( lup] tfd 7 L p f itor is J( ft above 
nver 1 earn 8 Analysis attach d, \\ntci icuiiul ably jnii and b ft, whetLaH «ur 
fact w( 11h contain \ iv haid A\at i 

^nalystb if tt ihr lioni tlie n w h ri li It b\ J)r 11 ri S\\ tt ti 1 u hoin a 
depth of 200 ft fr in surl \c( AV ut r \ii v el ai aim >t as (1 u as distill d w ib i 
—the HiULillesL p int b ing ( asily read at a elt jilU 1 _ It I nip r iturc llt^^(ll, 
60^ 1 ahrenluit, lepnrLS no hltiatiuii 

Gnu ri 1 i I 


rolal 8 )hds 


JO 0 

( liloruh s 


1 t 

Sulphat s —\ciY spariu^h 
NiLiatc a tiaec 

1 um1 truee i ir n 
lempoiniy hardness 

>6 


Permanent „ 

0 5 


lu aninioniH 

1^0 

1 arts 1 or i illiou 
(KK) 

Albiiim noidal ammonia 


UJO 


This water is an ( \trein( iv pure spcemieii o\( n f i a dn p \\t 11, and rt piiu s no 
hltration It contains Uss than <n( Utiih ot tho am unt of oipanic nuUtei ilnin tho 
picetnt town supply and is not onl^ a m lter’v\uttr for doiuiHtie pmn sts, but 
tho deposition ot carbonates tausing incrustation lu Ik ilers is considtiabl^ less in 
quantity 

lebiuary 2iid lH7o IToiuei SwtTr, M 1), AmiJyst 

9 Map of strata proA lously sent, consistinp of sandstone of ^jin us tlnckmsH divKh d 
by marls lO les 11 Acs 12 ^^ot withm a inilo, wlieie no is kn ^vn south 
oi" Borouffh, and anotlu r two miles utd 13 Ni 14 Yts m the Xalk} linlf a 
mile eoutli 16 A ts the first expen mental horinp was diHContinued in cook qnence 
of finding, under tho snhh,rous marls, very salt water, one luxer of this marl hemp 
more than 100 ft thick 

Name of Member of Committee asking for information, C Tyldtu Wright 
Name of Individual or Company ajiphed to — 

llio Malinger Nottinpham \\ aterwoiks 
1 Beatwood pumping Station, neai Notlinphsm 3 Bepth of shaft 04 j ards , 
size 10 ft X 10 rL , two tunnels an driieu out from tho bottom about 50 ynrds 
6 Maximum quantity pumped for 24 hours 3,772 800 palls munmuni quautily 
3,450,( 00 galls 9 Pebble beds of the New Bed bandstone 
1 Worksop 3 Biire-hole 4 inches m diameter, depth dOO ft 6 Pumping in 
1876, ^0 galluns per minute 
1876. 


H 
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Shiro Onks Collier}, Vs ork^op 


1 Shire Oaks Colliery, AN oiksop 3 3 shafts, 12 It diameter 

GallM 

i)tii 

t Y e Ilow limosU ue 

400 

17 jds 

5 AN ater ptr hour < \\ hito ,, 


2f, „ 

(Dark „ 

60 

dH „ 


9 remiian marls aiid mapiieaiau lirnestoiu s , the principal feeder of water occurs 
in a soft Coarse Baudslout l>ing on the bottom ol the ma^neuiaii limeutouo 


Papplowick Colhti}, till ii^h Mr \\ T \\cbb ot New^tead Vbln j 
1 Papph wick, ntai Vnntslcy 3 3 i > ^aicls slialt 5 At'^'scl^ a little water, 
at 44 yds 7 in IH galls pti luimiti tubbed ubattU }d'< 60 galls , below tins 
only an mcreuso of 6 ( r 0 galls 9 UnK 



jds 

ft 

Miigut man huit Htom 

at 0 

1 

Dlaek shale (coal-measures) 

„ 30 

2 

h irst coal 

40 

0 

Plant impressions 

„ u'-. 

0 


13 \t 120 jds 2 ft a small salt spiing 3 c^dN ptr minute 


Mr llobut Stt ^tnst ji, tin ugh Mi Vf 1 ebb, fN W'^tead Vbbty 
1 NewstcadColliers 3 Poif. li le at Collury gives (tl 2 > 44 galls of water 
per minute Istw lud '^and'stout, near outcrop »>f ih toimatiou 

Mr W I A\obb, IScwstcaJ Abbt} 


1 lllidwoUh 

3 Ih pth t f Will at tbo Hut 
„ „ (lurnall s 

„ ,, Needham s 

„ „ 1* isti 1 s 

, 1 own-pump w( 11 

,, Scliool well 

jf \\ ell at ( ( larkt's 

,, ,, W attis 

„ „ ITukhmsons 

,, ,, W ilsou H 

,, „ Herberts 

„ Town well 

„ AVell at I lairs 

O Johnson a 


o 

j* 

f9 

ff 

tt 

Jf 

ff 

ft 


if 

if 

ff 

I 

n 

I* 
f f 


Dixon a 

Mount Pluisiuit 
CrcHswUl s 
New J ano 
I ucaa Cross I ano 
Blidvvorth Bottom 
„ r ong Dale 
Wells at I isnpool 

9 Drift-gravel and clay, led sandstone^ the vs attr Occiirfl immediately after 
parsing through a scam of conglomerate d inches thick At Fishpiol is a spring, 
which, after 20 years ctasatif n, commenced running during the summer of 1808, 
and then stopped, but recommenced in the eunmiei ot 1874 10 Yes, which supply 
the shollowei of the above wells 


\d'4 

42 

\ 

(} 

1 1 
0 
6 

50 

JO 

40 

jO 

0 

30 
0 

27 
20 
n 

28 

31 
31 

H 

20 

0 25 


Jn clay, with limc- 
btene fragmients 
and gravel 


Tn SaiuDtone 


Nome of Member of Committee twking for information, AV. Whitaker. 
Nome of Individual or Company applied to — 

StaiTordshiro Pottenea Waterworka, Uonley 
1. North StftlTordslure, 4 miloe S E from railway-stotioD, Stoke-upon-Trent (1 in 
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O dnance sheet,7JN W ) 2 015ft 3 bhaftl45ft deep, lift dmiiel i, heu liolo 
500ft deep, 24 id diameter 4 Ihe le\el lifwater in tins case ih kept down noaily 
to bottom of »hafty but the water has been found to till *KX) cub 3 nds ( f elauda^o 

dntt anel nee about iO ft up shaft 111 il hours B K)0,0(K) ^alln 6 Iho Mast ns 

artect this shaft vt 13 litth ih( fndt is liaet btcii p rmanf nt dimu^ the paat 6 > aj'i, 
but hint than when the shaft d(.wn (bin h le in linnd it 11 hu tj 7 At 

8 W att 1 of ^^)od quality about iF haidncss 9 Nt w Ih d S ir dsti no f with bi n 1 
( f mail ot considi mbit thicknens) co\ir about .0 ft It a si 11 en < f the sbalt and 
I ne hole would be of s 1 vice I should bt. t>lad to supi ly the sanu 10 Vb« ut 1 mile 
N } there lue several copious Hpiings and uppan nth qnd Un ileit d 1 > tlie above 

sinking 11 ^yo surfuce-Bpiing near well 12 IIkk are si m lalin tht nn- 
mediato looahU A largerunning about N / , and about J luilo uuith of thia 
ehatt, Biippobod to bo tho siMcni hmiU of the blatloidsliue cial-fidd, but 
b irings lust completed to the Siuth \ aM pii vtd c al at a depth if it 5 yaids 13 
Isom 14 Nouo to my kncwl dgi IS The abo\e well is tho 11113 one lu the 
neighbourliood sunk toi tho purponis of water supply 

MtasiH Mather and Platt 

1 Ml ssrs T onsdale and Adshead, Macclc-^hcld 3 li inch bn , Ml It deep 
B GCi^ilO galls 


] VNCVSmiU AND CmSTTlRT 

Name of Member of Committee asking foi inlormation, G 11 Morton 
Ivume of Individuul or Compiny ipplied to — 

Mr Goorge I P aeon, 0 1 , Municipal Oille s Puh Street 
I Litherlaud K ad, Jlocth, ntai 1 ivcrpo 1 2 tO 1 cl 3 Depth of shaft 

lOS ft , o'val 12 0 x9 0 • 4, Pumj iiig c( 1 tmuuuHlv iviijt w hi n sti pjied ft r 
iijvairs During a sic ppfigi iioin Oth fan to 1 i b 18, J^''t,tl w tii r si 11 It 
al M Ord datum, ir 50 11 above tlie 1 It m ct Ihowill 6 Vvuage tei l87f, 
J i‘10,7l)l galls pcfiint maximum 1 4d 1,7-0 galls 6 bee itpoits heiewith 
7 Sco No 4 itltct ot local rtuns nt t tiaei d 


8 Copy of Anal} st tj laat n port 


TuUl 
Hol t 
Matt r 
in 

Solution 

Organic 

Carbon 

Organic 

Nitrogen 

Ami on 0 

N Irogen 
aa 

Ntrt B 
and 

N trat«i 

T lal 
e 11 b n d 
Nitrot» n 

CM pn 

Total 

UardntM 

Rnsi ettlol 
MuU r 

KT 

100 

181 

gr 

i oo:; 

002 

345 

ttr , 
401 

Ki* 

3 0 

__ 

Clear 

and 

blight 


® 1^2, dnft about 12 ft (pebble beds and “Tower soft Hunter Sandstone M 
*0* No 11 The well is lined with brickwork m cement dow 11 to the hard rock 
12. Yea 13 No 14. No 

1 Oreen Lano, Old Swan, neat Tuirpod 2 1% ft 3 Shaft 10 ft diam , 
depth 185 ft , 1 bore bolo 0 in diam foi 173 ft 0 in , and 0 m cLam for 25 ft 10 in 
from bottom of shaft, 1 bore-hele 24 in cUnm for 12 It .mid 18 in diam fur 208 ft 
4 There are 3 engines, and tho whole rig never etopped at one time Averego 
ior 1876,2,633/)50 galls , present maximum 3,243 510 galls e It haa dimimshcd 
(see reporta herewith) 7 1 ffeet of local raina haa never been diiectly traced 

** Tboro arc altogether about 16 bore hole* m the lodges connected With this well 
Ihey were gunk many years ago, and records have not been preserved of the details Ibo 
^nnmpal boro hole is 6 m disinetor at the Up end its depth from the surfuoe is about 

II 2 





loo REVOBT—1876. 


8. Copy of Analyst’* last report 


Total 

Solid 

Bdattur 

\n 

SoluUgn 

Orjfftnio 

Curbon 

Orffaino 

N itrtigf n 

Amuioaia 

NitroRon 

M 

Kitntes 

and 

fiitniUfl 

TuUd 

C 4 mibint'd 

NiWotjtn 

ChloriDt 

Total 

Uardui^u 

Bubih nded 
Matter 

ffT 

KJ* 


Kr 

KT* i 

gr 

K** 

Q 

Clear 

28 

•086 1 

00 

003 

315 1 

108 

2 72 

20 

and 

blight 


9 Hock F 2 Mauler Prbblo-beda ”), cover of diift tiud clay 16 to JO ft 10 . No 
11. There luv none. 12, \l‘k 13 No 14 No 15 No 

1. Dudlow Lau«, Wa\eitrec, near Liveip<K>l 2. 200 ft 3 Depth of well 
247 ft , shaft u\al, 12' 0''x0' 0" , depth from suiface to bottom of b<ire-iiole l.‘JU ft , 
diameter ot bore-lioU* IH lu 4. Pumping continuously ^^heu sUjppcd for 

repairs Stoppa^o f|{)iu 6th to iKhh Nov. 1875, water rose to t**! it froui bottom of 
■well 5, Average loi 1876,1,103,^^07 galls , pToaeutnuixiiuum 1,320,107 galls, 6 
printed reports herewith. 7. bee No. 4 , ellect of local rams not directly traced 


8 Coi)y of Analvst’s last report 


Total 

Butid 

MutUr 

ID 

Solution 

Or^^anlo 

Carl/oii 

1 t>Tj^Hll»0 
' NiUuj{lii 

Ammoum 

^itrogi tt 
m 

^ tin tea 
^ and 
Nitiat4»» 

lollll 

(.utubintd 

Nitiogen 

Chlorune 

Total 

Uardnewi 

Siinpi iidi d 
Matter 

gr 1 

in' 

1 gr 

K'' 

gr 


gr 

o 

tnevr 

18 j 

_1 

•01)1 

031 


;508 

402 

2 87 

8 

_ _ _j 

and 

bright 


9 F2 Banter Pebble-beds”) rock nearly to the surface, ouly thin co\or of 
dnftv 10 No 11 There are none. 12. No 13. No. 14. No. 

1 . Lodge T*ane,Toxteth Paik, Liverpool 2 18(1 feet 3, Depth of shaft 210 ft , 

al, 12' 0" X10' 0”, depth from surface to bottom of bore-hole 454 ft., diameter of 
boro-hole O'' for 180 ft, 4" for 55 ft 4 Pumping ccmtiuuoualy, except when 
stopped for repairs In a stoppage from the 3rd to the 13th Aj)nl the water rose 
to 60 ft 0 in from bottom ol well 5 Average for 1875. 821,182 galls , present 
maximum 870,428 galls 6 See pnntod reports herowitn. 7. See No. 4; effect 
of local rams not traced 


8. Copy of Analyst’s last report. 


Total 

•olid 

MatWr 

tn 

B<dutioa 

Orf^anio 
Car boa 

Orpanio 

Nitrogen 

. 

Ammonia 

Nitrogin 

OB 

Nitrites 

and 

NitratoB 

Total 

torobineil 

NiUogtn 

Chlonne 

Total 

Kardneu 

BiiBpehded 

MaUer 

gr 

35 

g** 

061 


1 

§ 

gr 

270 

1 

1 

gl-' 

2 72 

2ai 

Clear 

and 

bright 


9. F 2 (** Bunter Pebblo-beds ”) Cover of dnlt about 20 ft 10. No, XI. There 
ore none. 12. No. 13 No. 14 No. 


Messrs, Mather and Platt 


L Messrs. Roberts and Robinson, Liverpool, 
ft. 1,440,000 galls. 9. New Red Sandstone. 


18-in bore, 4(53 ft. deep. 
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Namo of Member of Coramittoe asking for information, T MtUard Rcide, 
Name of Individual or Company applied to — 

Ormftkirk Ijocal Board 

1 The well IS situate witlim a short dmtince from the town of Ormskirk, on tho 
Ps J side aud near U) Hath W ) )d 2 IJ ) 1 ft aboi o Ordruiuce datum 3 Tr)iu 
supfote to bottom of well (jO ft d ep, 7 ft diameter I her is no bore hob in the 
wt 11 4 II f^re pumping the wat i rises t > th surfxoe if w 11 iift< r pumping 

tho water stanls i ft deep at bolt mi of will Ordinary level nstored m J hours 
alter pumping 5 2 IJ (XK) galls 6 Tho wati r b vt 1 vines slightly in summer 
and winter, but has not diminishi 1 during the las^ 10 j ars 7 Ihe ordinary h vel 
IS affected bv local rams within 24 hours afterwards 8 Vnalysis ot tho Onnskirk 
wati r by Dr Bn tt, )t Luern )ol This watt r whe i left to stand is perfectly colour¬ 
less, d( void of odour, and ploasant to tho tast its compositi >n is ns f lUows, tho 
amount of lugrodi ntfl btiug calculated to th imperial gallon — 


( hlondn of sodium or commm salt 


grains 

d2() 

Sulphate of lime, or gypsum 

C arlionate of lime 


1D2 


104 

(_ arbinate t f niagnt sia 


0 40 

Ovido it iron with a little silica 


0 12 


1 )tal 

ijiH 


9 The strata are, first marl 11 ft sand 7 ft, th< rtmainder is New Utd Sandstone 

10 1 es 11 No 12 les (spctially a very large fault ou the west sideut well 
13 No 14 Pno 15 No 

Name of Member of ( ommittoo asking for information, Oeorgo H Morton 

Name ot Individual or Company applied to — 

St Helen s Wah rw'irks 

1 Fceleston ITiII, adj nning turnpike, and at the sandstom -quarry, markt d 200 ft 
above Ordnance datum (see Oidnaiico shttls) 2 21 jO It 3 Depth 70 yards, 
diameter 10 ft do^th from surface to bottom ol b >i -h( le SH8 ft 4 As the 
pumps never cease pumping it is difhcult to say, meanwhile tho water is practically 
kept down to one level 5 040 000 galls per day of 24 hours 6 The yield 
vanes at dilfortnt st asons, but to what extent it is dilfu ult to say tho water bos 
diminished dunng th( past 10 years 7 les, hut aftiir a dry summer jt takes 8 
or 10 weeks befoie the I or 2 extra hours out ol the 21 can be resumed by tho 
extra engine 1 he water Icvtl in wells stands below adjoining streams 8 Wo 
have no analysis , the water is of very cxeollint quality 9 No dnft The wells 
or shafts aio sunk in the New Itod Sandstone formation, through the middle or 
pebble-beds div ision of the Bunter, and to a depth from the surface of about 18 ft 
into tho lower division, 70 yaids lu all I bus, 



PM& 

Beit 


^ 1 

V ... 

After bonng 00 ft deep, no 
Water-yielding strata found — 
that 18, flO ft below bottom of 
well, and in lower formation 





1 

. 1 ” 


10 No dnft 11 No 12 Cannot speak of those (if any) with certainty, none 
proved 13 No 14 No 15 No. 



10,^ RBPORT—1870. 

Narao of Alombcr of Committoo asking for information, Mr, T. Mellard 
Beadc, 

Name of Tndividaul or Company applied to.— 

Mossrs Mather and Platt. , 

1, Seedley, near AiancUc'^tor 3 102'xH7", .WxlS", 354'Xl8", Id7'xl8’'. 
6. 750,exX) galls, from Ibn three h(»Io3* 9. KeJ Suidntone with band^ of raddle. 

1. Chester Street, O'cford Ktrootj Manchester 3 70'X4', 530'xl5'\ 6 570,000 
galls. 

I. Messrs Ihi^h'y and Cia^eu, ^fanch^ster. 3, 18 m diameter, 451 ft m depth. 
6 018,000 galls 9 Now lied Sandstone 

1 Messrs Aitlcen IUothois, Miiiu heater. 3. 18-in b(tio, dopthOTSft 5.800,000 
galls 9 New Red Sjnidsteiu' 

1 Mos'^rs MhJliiun Sniuriei, Matuhesler 3 lloie ]J in diameter, 18{) fl, m 
depth 6 40,0^0 galls 9. New Ited Sandstone 

1 Messrs Polands and S(»ns, IMnmlu'Stor 3. 12-in. boro, 812 ft lu depth, 
6 1)0,720 galls 9 New Red Sandstone 

1 Messrs P J) Jtronkes, Manchester. 3 I2'iuch boro, 2ji0 ft. in depth. 
6. HO,400 galls 9. N ow Red Sandstone 

1 Tiondou and .Mancbosler Plate (Rasa Companv, St Helen’s. 3, 0-mch boro, 
depth 8‘lH It 6 48,000 galls 9, New Itod hW as tone 

1. Afessrs A and J Stott, Fhvton, Alanchesb'r 3, 12-mch bore, 281 ft m 
depth 5. 817,520 galls 9 ISew Red Sandstone. 

] Moflsi*a ChadwK k and Ta>lor, IJiglier Rrougbton, Manchester 3 75'xlO' 
07PX15" 6 800,000 9 Sue Section 

1. The Con^ah'seent Hospital, Clieadlo 3 12 in, dianu'tor, 145 ft. in depth, 

5. 55,200 gallrt 9. N(‘W Red Sandstone 

1. Messrs Eiraon and Rob}, Palncroft 3. 18 in diameter, 816 fl. deep. 

6. 100,800 galls 9, New Rod SandMtone 

1, Salford Ironworks, AInncheater. 3 18 in diameter, 212 ft deep. 6. 50,000 
galls. 9 Now Rod Sandstone 

1. Messrs Thoms, r'hndmck, Sidfoid 3 12-inch bore, 4J2 ft deep, 6. 50,000 
galls. 9, New Red Sandstone 

1. Messrs J J M Worrall, Salford 3 18 m diameter, depth 400 ft. 5. 480,000 
galls 9. New Red Baudstono 

1 Messrs Roberts, Dale & Co, Coriibrook, 3. 0-inch bore, 178 ft. doep, 
5. 80,000 galls 9 New Red SiimUtune. 

Namo of Member of Committeo nsking for information, OeorgoH. Morton, 
Name of Individual or Company applied to — 

Birkenhead ComniiHSioners, per Mr. AV, T. Callow, Water Engineer. 

1 llaybiick well, Biikeuhoad 2 170 It 3 Miaft 205 ft, 10 ft X8 ft ; 
the bore-hole 822 ft, 18 m wide, the bore-holo 778 ft, 18 m , Aug. 11, 1870t 
4 15<S ft from Rio surface 6 Usually IJ million galls in 18 hours, 2 or 8 mil¬ 
lions have sometimes boon obtauied by continuous pumping for 24 hours, 6. No. 

7 . A httlo additional ui wet seasons, 8 Result of analysis expressed in parts per 

100,000.— r r r- 

* The three bore-boles aro all in the siiiiio well, and tho water rises into well, and is 
pumped up to the aurfoco 

t In progress and will probably be 600 ft, the deepest m the neighbourhood of 
Liverpool 
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Total solid matter in solution 15 

Oi ^auic carbon 074 

Oixamc nitr jjen 000 

Ammonia 002 

Nitrogen aa nitntea and miratos 34-'> 

Total combined nitr >gtn 41 d 

Chlorine 3 7 

Jlardncas, total 4 

buspendod matter (lear and bright 


9 No drift bane of Keup< r ^audsttme^ upper soft Bimter Sandstone, Pebbh-Ueds 

10 No dnlt 11 There are none 12 Th» re is a fault cl >s« to tho well, with a 
thiowoful ut 70 ft 13 No 14 No 15 N) 

OLorgo TI Murton, Biilvenln a 1 (lommissionLrs, per Mj W T Callow 
1 Spri/igirill, ( Iniightou, IhrKiihoad 2 12’>ft 3 Shaft 05ft d f p (J 

7 ft d nm t r) bou h )le 1> ft lioiu euiface 4 115 ft lium tlio surface 
5 5 tnilhoD gdls per wi k me obtjimedbv pumping night and day 6 Docs nut 
vary, hae diminiRhed 20 ft since 18 >8 7 N^o 8 lltsult of analvsis e\piossed 


la paits per 100,000 — 

Total solid inattei in soluli n 21 

()igame carbon ilO 

OigaiiK in hog n 0( 2 

Vmmonia *0{ 2 

Nitrogen as nitrites and nitiab s 25 i 

lotal (ombined nitrogen 317 

Chlonno 31 

T )tal harlnoRs lOJ'^ 


Susp lulcd inattoi doar and hii^^ht 

9 No drift baao of Ivoupor Ssudstom , Upper sjft lluntei Sandstone 10 N) 
duft 11 There an none 12 No, not V( ry ueai 13 No 14 No 15 No 

Win II aterworks C'ompanv Tunton, Jbikeuluad 
1 Trenton \nlle} 1 mil s S W oflhilmdnil 2 SO tt 3 00 ft, diameter 
ab)ut 12 ft, bort 20> ft, diuiielir 18 in 4 08 ft, fills lapidly pumping 
B About 2000 galls 6 N^ 7 No 8 \eiypuit and gooa 9 B mldor- 
clay abmt 10 ft, tlu i st Uppi r Banhr but the bore-hole chiefly in the pebblo- 
beds 10 No 12 Only ot tb< ordinaiy kind 13 No 14 15 No 

1 Wirrell aterworks, Oxton near Birkenhtad 3 22 0 x4, 300 x 15 
6 750,000 galls 9 White and Htd Sandstone, chiefly red 

Tranmere Local Be aid, per Mr W A llichardson, C L 
1 Happy Valley, western side of tho township of Tianmcre 2 89 ft 15 in , 
3 128 ft, 0 ft. duwiKhr of shaft, boro-hole 250 ft, 0 0, 4 in, and 130 ft 
15 in from of well, J78anddl8ft fiom surface 4 78 ft 8 ui below surface 

6 720,0(X) galls 6 No , it has diminished 9 ft l»in m 10 ycar^ but only 2 ft 1 in 
duiing the last 8years 7 No , 23 tt 2 in abo\o sea level 8 Clear, pure, and 
lastelcse, about 8 75 de^r es of horducss, analysis — 

Grams per gall 


1 ree ammonia 0 0035 

Ammonia denied from organic matter 0 0018 

Organic matt* i, exclusne of nitrogen 0 0180 

Carbonate of lime and magnesia 5 8770 

Carbonate of soda 1 09(»0 

Sulphate of lime 3 5720 

Nitrate tif magnesia 0 0040 

Chloride of sodium 3 8410 

bilicic ftcid, a mere tiace - 


15 0703 

9 15 ft of dnft, no clay Upper soft Banter Sandstone 10 No 11 Ihere 



lot 


KEPORT— 1876. 


nio none 12 One about 1^0 >ards to the oast of wolb 13. No 14. No. 
16. No 

allaacy Loonl I^oord 

1 Towuijfu|i of ^oncoaibo, pansU of WHllaa«>, county ot Clioattr, between 
the (ireiit ] loat, Jbilfnih<nd, and Kuer Merst^ 2 \boiit 20 ft 3 ^K) ft , 
24(tft, iJni and H lu dnnnettiN 4 if ntn at man) hoiua, about 10 ft btfore^ and 
ofhr piimpiiv^ nbt ut 50 ft fi un Ruifiue B Pii‘<erit machnif r) baa pumped about 
I million /alls pvr dum, it m estimated that at bast t^^lct can be by tiddi- 
fionaM)orin/, (in linud) 6 IKx r not\iuv nmth, diminution, dunu/ lime 
namt d, dm to nun m d piimpin/ Cannot hjl> otlninisf, as inline cannot bo 
stopped Ion/ eiioii/li to It tin fpmsti in 7 Nil pdciptibl) lavel nhon at 
rmt MULld stand a ii n tort aboit iin an lii/li miUi Icvtl 8 Have not an 
analysis at band , %satti ab uit of hardm^^s (( larK s test) , ^^ater seiy goxl and 
clear 9 Section suit luicwitb — 


Rid marl 

to 

ft 

78 

Mjiud and marl 

yf 

H7 

Mnrl 


IM 

( lav and sends 

)} 

ih; 

W bib rock 


](H 

Red lock 


\h\ 

(»ri) rock 

O 

170 

11 Hid 1 <1 lock 

)1 

I'lH 

Soft n d rof k 

yy 

210 

B >ttt>in of boll -boll 

at 

UK) 


11 Y(s 12 It IS bi In ^cd so 13 No 14 Not aw mo of any 15 Not awaro 
of an) deep on( s 

Mr Y ilham Inman, T V 

I ITpfon, I miles W <d Hukuiluail 2 Abnit 100 it 3 17i ft, diatnofor 
about W ft , boie ft dninietcr, and 0 in wide 4 \bout 100 ft alxivo (hd- 
nanc( dnlum S Not known 6 Not ] nown 7 Not known 8 \ t ry good 
9 All red mail of Ktupn 10 No J2 Cfno about a mile ] of tb^ well, w^hicb 
brings tbe Uppii Buntti and n d mail in contaef 14 No 

Name of Member of Committee asking for infoimation, T Mtllard Eeadc. 

Name of Induiduul or Compan} applied to — 

MessTH N MntbieHon & Co , Wjdnt^ 

1 . Our own, No I wdl, at Nil end of wuiks, Widnis 2. 10 ft 3 4 ft 
U in diaim terX *10 ft dei^p bore-hole ltW» ft from eujfact, 0 in diameter Ibjfon*, 
about 0 ft Iroiu smiiut after 5 itours, about tt from suifatc B \boiU 2000 
galls ptr day of 12 h uirs 6 Not bung used No means of testing 7 No. 
8 No analysis taken , modeinttl) pood 


ft lU 

9, Afaisli cla\ 7 0 

Quicksand 21 0 

Brow 11 clay 10 0 

Quicksand 0 0 

Biuldtr-clay 00 10 

Bed lock 275 2 


10, BiUle, from quieksandB 11 Not entirely 12 Bonng in the fault. 13 No. 
14. No IS. None 

Messrs SuUnan ^ Co , BntiBh Alkali Work^, Widnes 
1, Wo have two wells, Nos 1 and 2, at th< se works, they are about 500 ^arda 
n^t, and t ach about .KK) yards fiom the River Mersey 3 No 1 well is about 
f 25 ft , and No 2 well about J5 ft abo\o the mean sea-ltvel 3 No 1 well, lor a 
depth of 27 ft from the surface is 0 It diameter, for a further depth of 31 ft is 
6 ft diameter, equal 58 It total depth ot well from surface, the bore-hole is 300 ft. 
deep from surfacoX 4 in diameter No 2 woU, for a depth of 38 ft from the sur- 
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face 10 10 ft diameter, for a further depth of 22 ft is 8 ft diameter^ equal to 00 ft 
total depth from surface, the bore hme la 400 ft deep from surtacoxHin dia¬ 
meter 4 \o 1 wlH water stands 10 ft from surface before pumjnng, and takes 
4 to 6 hours to use to the same level again after pumping No 2 well water 
stands 0 it from suiiace before pumping and takes 1 to 2 hours to nse to the 
same lei el again aftoi pumping 5 No 1 well about 70,(KX) galls per 12 
h >ur8 No 2 well about lOOOtiO galls p<r 12 hours 6 At No 1 well the 
jield IS loss during the suniiii* r months than the winter months, and the jield 
18 much less all the )ear round than it was when the well was hist sunk some 
7 years ago 'No 2 w 11 lias only bton hiiishod h >mo six months, no vnnation in 
the yie Id has yt t bcni ptrcdicd 7 N>twh<n thewahr from the quicksand is 
kept Hit of the well In ) I well the water level is about 1^ ft, and in No 2 
well about ) tt abo\o tii nuan watu level of tlie Kivor Mersey, whuh is the 
uoaiost stiram 8 1 ho wat is from both wells yield about 24 grains of solid matter 

per gall m wlun lapoiat d down chiefly salts of lahium 9 No 1 wtll 2 ft 
ot soil lO tt ot strong br^wn clay, 17 It cf quicksand, 2 ft 1) in of sand and pebbles, 
(U ft ot strong hr iwii c1k\ > ft f quuksand and pebbles, remainder Keu Sand¬ 
stone No 2 Mcll 2 it I sf il 28 ft fstr ng brown clai, 21 tt of quicksand, 01 
ft of soft (lay n niniiider Ih I San 1st ni 10 No the quicksands passed through 
of c nirst ynld wat r 11 \ s tho w ittr fr m qiiu Icsands is kt pt out but can be 
tnriif d in at plcosuio 12 \ i 13 No 14 N 15 t an n t aware of any 


The Sankey \N Into I eod ( nipan} 

1 On tho works of tho Sank* y W hitc I ead Company Limited, Sankey Bridge, 
ncarWainngton 2 About 2 > ft 3 13 tt 4 in Ir mi surface to bottom of well, 
5 ft din diameter, 100 It tioin surfac e to bott in ot l>oro 8 in diameter 4 3 ft 
<Mn from surl ace lu ight hi winch tho water ns s row 21ft 4 in in4 hours 5 40 
galls per minute 6 N > perceptible variati n only at woik frim 5 to 6 years 
7 No observali ms 8 No accurate analysis 9 N ) rock was met with Sec¬ 
tion as follows — 


Soil 

Sand and ol 
Clav with D nddors 
San I and p ravel 
Clay as above 
Sand and gravel 

Clay with thin bands of graiel 


ft 111 

1 :!}Wet 

45 0 Vl)8 liitoly dry 

2 0 Spring of 16 galls per minute 
26 0 

6 0 Alittle increase of water, dnftcoal 

i Bon ends in a bed of clean giavel, 
about I ft thick, the last 16ft 
inert astd supply to 40 galls per 
minute 


100 0 

11 All Hurfaco-ppnngs kept out 12 AA es know of none 13 No 14 Not very 
near IB In A\^airington bore s have been abandoned from this cause 

Messrs Mather and Platt 

1 AVomnorton AVire Company, A\^aiTington 3 Ift-imh bore, 212 ft deep 
6 03,100 galls 9 New Red Sandstone 
1 Alessrs Roberts, Dale and Co , AVarnngton 3 9-inch bore, 226 ft in depth 
B 28 000 galls 9 Now Red Sandstone 

1 Messrs Tos Owen and Co, Winwick, AVarnngton 3 18 in diameter, 

212 ft. detp B 401,000 galls 9 New Red Sandstone 

AVm AVood Blake, Lsq , AVarnngton House, Nortbwicb, Oheshiro 

1 Alsa^r boring, within 300 yards of Alsoger Railway Station 2 310 ft, 
3 Tapped water nt a deptli of 663 ft in a 3-iuch bore-bolo 4 The watt r rises to 
the surface, supply mg first a 4-iDch bore, then a 6-inch boro at the tem, when a 
3-inch non tube is screwed on the 6-inch tube, the water nses to 10 or 12 ft above 
tho surface 8 Has been analyzed, and is very pure and soft, and suitable for brow- 
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mg purposes. 9. P^seed through rod marl and grey rock, with thin bed of gyp'^um, 
to the red sandstone rock, when tho water was met with , continued tho bonng in 
the red sandstone to a depth of nearly lOlK) ft, but the water was not increased 
thereby 10 No IX This la a repoit of bonng operations 12. Within 1 mile 
13. No 14, Within y uulefl, 15. No VVhthiu a mile of the above bonng there 
is a large mere, called ‘^Alsagcr Moio," 11 acres m extent, with neither an inlet or 
outlet on tlie smfact*, the water of which is very clear and jmro. This lake ebbs 
and flows, using soniehines e^en in lory diy sea^onfl 

Messrs Mather and Tlatt. 

1. Sbicknort Wntei wDiks, Wilinston, 3 iJ-im h J70 ft deep 6 54,700 
galls 9. New lied ^^umistone. 

1 . Messrs (^liarlcs Maryland, Stockport. 3 12-inch bore, 182 ft det*p 6 fl0,500 
galls 9. Now Ited Mand^toiio. 

1. Messrs It S) kea and Go, Stockport. 3 18 in, diameter, 42 4ft lu depth. 
6. 800,400 gulls 

1 Mea-^rs J K & W, Ghn^t}, Stockport 3 Diameter 12 in , depth 228 ft. 5, 

3,200 galls 9 New lied Sandstone 

1 Messrs, S. & T (himngloii, Stot kpoil, 3 Diainoti‘r of boie 12 in , depth 100 ft 

5 60,000 8 New lied Sandstone 

1, Messrs Tlobert Oimn, Sk)ckport 3 12 inclies diameter of boro, depth iU2 ft, 
5. 24,1X10 galls 

1. Messrs lUyley & Co, Stockpoifc 3 1^-inch bore, 274 ft deep. 5. 30,0<X) 
galls, 9. New Red Sands tout', 

Nwo of Member of Committee asking for information, C. E, Do Ranee, 
thnmgh !Mr W S, A\elinc. 

Name of Individual or Company applied to — 

John Viiian, V K, for the Diamond Poring Company, Furness District 

1 R iinpsuh*, near Barrow-iu-bnrnesH Z. 26 it 3 8 in hole at surface and 
3 m at bottom , 2,21 Oft deop 4 Water cut at 260ft from suiface, and will rise 
about 12 It abo\n surfat'o m an inch pipe 5. Id,6u0 galls flowing out of hole 
daily 6. Always running about tho same quantity tor the past 4 years 7 A 
beck runs within 6 ft of hole, but at 6 ft lower le\c‘l than top of hole 8 TVculiar 
water Avas cut m tho petroleum-beanng sandstone but it oul^ flowed from that 
plaie for ft short time 9 Water was cut in the New Rod Sandstone, dnlt 
about 100 ft thick, consisting of gravel, sand, boulder-clny and cobbles 10 No, 
but ft little water was found on top ot nnk 11 Tubed out ot hole, 13 lirnckieh 
wator luipregmvtod with petroleuui-oil 14 None, 

YoiiKsniRE 

Mt'ssrs Mather and Platt 

1 Messrs Rolckow Vmmlian, ^tiddlcsboro’ 3 18 in dmmeh^r, 1132 ft deep 

6 800,400 galls 9 NeAV Red Sandstone. See section of upper portion, previ¬ 
ously published in last report 

Name of Momhor of Committee asking for information, C. Fox-Strangways. 

Name of Individual or Company applied to,— 

Messrs. Htaword and Sons • 

1. Messi 8. Sfcowaul & Sons, Comb Works, Walmgate Bar, York. 3. About 60 ft. 
3. 8 yards to bottom of sliaft, 40 yards to bottom of ilrsi boie-holcj 120 yards in 
bottohi of second 4 AVater stands at about 22 to 23 ft. from surface. 5. 600 
gftllA. por minute fiom 3 boit^holoe. 

♦ The present owners of these wells do not appear to know much about them , there¬ 
fore I have filled m the form from inforraation previously obUiuetl, and from my own 
personal knowledge of the locality —0 F -S 
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9 . Glav and fltonos . *. H 

Sand 20 

Fine eaudatene. 13 


40 

Tile other bore-hole wont to a depth of 129 yards 10. Probably. 12 The geology 
el‘tho solid etiata amuiid York is too much obscured by drift to be sure on this 
point 13 No, 14 No 1$ No. 

lle\ II 1) Ow('n. 

1. In tlio oontro of St. James’s Ht^uare, Borobndgo 2 I bcliovo about 30 ft. 
3, 25U ft, fiiamotor 4 m bore-hole 4. Ilefon* 17 ft, after 30 hours pumping a 
reduction of 2 inches in the hore-pipe 5. Number of gnllons would dnpuid on 
the hind uf pump usud Supply of Avuttir is supposed to be unlimited 6 The 
pump above ib m)t yet m full woik , wells in this nmghlwuihood \aiy very little 
at fbfTerent w'liHons of \( ar. 7. Surlace-wnter cut off to depth of 158 ft from top 
by iron (30 ft 0 in ) and copper (1 >8 It ) pip(‘s 8, Vi(h anaf> sis already sent to } on. 
9 ih/t red sand with beiildeis ni it 28 ft thick , renuunder New Itod Sandstone, 
with nlioiit 4 layers of r<‘d mail 3 to 4 in tliuk. 10 \e8, 11. Yes, 13 No, 

13. No. 14 No. 15. No 

Mossis 1 hell, Span in gate, Yoik 

1 My own 2 18 ft * 3 80 ft 4 Oft from surface. 5 Gonstantllow 14-inch 
pipe, 6. Not more than 2 ft at any tune 7 Not at all, not any communica¬ 
tion, 8. Much pocuhanty, anal)bis eiiclo^-ed 9 (3av, sand, wJiite sand, at 70 ft , 
at which depth apiece of oak was pulled up in good preservation. 100 ft iron¬ 
stone and saud , sand continued moie or less to 1»10 ft , jjravol, sand, and wab>r, 
c.iine up pipe out of ironstone at 180 ft, 10 No. 11, \os. 13. No, 13, No. 

14. Uo not Know 15 Not to my knowledges 

Dr Oill, Bootham Asylum, late of the North Riding Asylum, York, 

1, North Riding \svlum, Clifton, York (noith side of Asylum) 2. 40 ft 
3. There is no well, bore-hole bt'gius at surface*, depth of boro-hole 232 ft 0 in,, 
diameter 12 in at surface, narrow's to 0 m 4 H It iiom siuface before pumping, 
after pumping 24 hours, at 70<K) galls an hour, watei lowered ft from water-leytd. 
B. 70,000 galls have been piimpL*d a day without altering the ley el of 17 ft fiom 
Hiirface 6 I do not know 7 1 do not know No surface-water con get into 
the boro-hole, as it h tubed yvith nn iron pipe nearly to tlie bottom 8 The whaler 
IS an ordmmy hard water, contains only a snndl pc‘rcentago of sulphate of lime, 
but q[uite an appreciable quantity of iron, it is yory dnnkablo 9, 1st, 7 ft of 
Baud, 1 ft of peat moss, 1*311 dtnso blue clay , 23 ft denso blue cloy, containing 
bouldeis, many of which are ice-w'om , 10 ft rt‘d sand, lt5 tt soft rod Hnudatono 
(yvith layers of slate, 23 ft white sandstone, 25 ft red sandstone, with layers 
of red clay and soft slate, 10 ft yvhile sandstono, 0 in red clay, 20 ft red sand¬ 
stone , 8 ft white sandstone , 1 ft red clay, 15 ft. white saudstono ; 3 ft red sand¬ 
stone , 2ft white sandstone, containing "large quantities of water, 11 It white 
Fandstoue , 42 ft. ind sandstone to well-bottom 10. Yes 11 Yes 12 Not that 
I know of 13. No 14 Not salt springs, but some iron epringa much stronger 
limn this water has been found in boring in York 15. Not that I know of, the 
hore-hole, I liear, was discontinued on account of the largo quantity of iron the 
yvater contained 

APPENDIX. 

Abstract of Anal}sis of Waters from the New Bed Sandstone given in the Cth 
Report of the Royal Commission of Inquiry into the Pollution of Rivers, 
(Table, p 108) 

The numbers in the Table can be courortod into grains per imperial gallon 
by multiplying them by 7 , and then moving the dooimal point one place to 
the left. The same operation transforms the hardness m the Tables into 
degrees of hardness on Clark’s scale. 

* This muHt probably moan 18 ft. above level of River Ouae, The well is about 30 ft 

ovo wa-levcl 
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Fourth Report of the Committee, consisting of Professor IIarkness, 
Prof i^RESTWicir, Prof IIuanEs, Kev H \V Cros^^keYj Prof W 
]loYi> Dawkins^ Dr Deane, Messrs C. J Wooj)w\KDy L. C. 
Miall, Cr H. Morton, and J. E Lee, appointed for the puipose of 
recording the position, height above the sea, tilholognat characters, 
size, and onf/iti of the more imjmitant of the Kt ratio Bloi ks of 
England and IVale^, reporting othei matteis of interest connected 
With the same, and taking measures for theu* presci i at ion, Di aivn 
up by the Kev 11. W, Chusskey, Scentary 

The Comuuttoo has pursued tlie samo couisc as duun^ fomirr >eai8 Tlio 
limo for genoruh^ntion'has not jet anived There are raanj onulic blocks 
scattered over the countij as yet unrecorded, aud th(‘ii fhtuaiter and distri¬ 
bution will largely ailect any conclusions that may nltiiiiately 1)0 reached. 
The Committee has for its present duty the collection of Tacts, when its 
labours have resulted ui a ooraploto account of the isolated boulders and 
groups of boulders of England, Wales, and Iieland, nnitciial now unavailable 
will exist for theoretical disciiHsion, and many iitipoitant incidents in the 
history of the glacial epoch will be more accurutedy detoi min able 

The importance of tbo work imdeitalvon by tho Committee continues to be 
emphasized by the destruction which is constantly going on. War is waged 
upon the boulders (which in many cusos are our only source of information 
respecting tho oiwoh to which they belong) by agriculturists, and builderH, 
and road-makers with unceasing energy. They are 1 unit into walls, buried 
in tho earth, used as foundation-stones, and often blasted to piect‘8, their 
preservation is difficult to secure, on account of their interferenco with tho 
culture of the land In a few" joars it is not too mucli to say that the evi¬ 
dence of glacial phenomena will in many distncfs bo almost efiaced 

The Committee directs attention to (1) tho distribution of ei ratio boulders 
fi*om different centres of ico action, (2) the ngencies liy winch they have 
boon transported , (3) the diftbrent ponmls in tho gluciul opocli to which they 
belong, (4) the heights above tho sea at which they aio found, indicating 
large changes in physical goologj. 

llie schedule of inquiry, indicating tho various poinis of the infoimation 
required, printed in a former Keport, has been issiu*d, and copies may alwu} s 
be had on apphcation to tho Secretary of tho Committee. 

Devonshibe. 

A Very remarkable group of boulders has been reported ui>on by Mr. 
George Doe, of Great Tprrington 

It 18 found in tho estate of lUralton, in the parish of Langtreo, Devon, 
about four miles from firoat Torrington. 

Tho dimensions of tho largest boulder of tho group are 13 ft, x 0 ft, x 3 ft. 
It is Bubongulor in form , but there are no groovings or stnations. It rests 
on clay, dose to a small brook, and is about 600 feet aboye tho sea-lovel, 
1> ^nly legend oonnectod with it is the old story of its having boon thrown 
by tne Devil. 

At the distance of about 26 ft, N.E. is another boulder 3 ft. x 3^ ft. x ft. 
At a distance of 36 yards oro six small boulders, cropping out from the 
ground. 
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At a distance of nearly half a mile aro three moro, similar to the last men¬ 
tioned 

Near them is a deposit ot flints in clay and a ^^ol pit 
All tilt so blocks except tlui lust tiro soutli ot the lirf];e boulder 
llicHo boulders consist of Iclsite, rchembiin«r thit in inanj ot the “Ihaiis 
A felflitic Llvan, at Irtisavafn, (f^vco nap, (ornwull, cannot be disenmiuatetl 
from them Possibl), Lo\vt^(.l, a nearer localit} mu} be found 


t)\F IttDSTIIRI 

Piofoasoi Prcstwioh dcsciibes a bmldtr found last buniincr ne ir <l\for(l 
m a bed ot sul in^ul ir flint ri ivel (bi^h le\tl rm r ^avtl), at A\ohercote 
brick [it on tho hvh road linn ()\t(rd (i Woxlstoek, at an altitude ot 
about 40 feet ibo\e tin level < f the ruei l«is 

It consisted ot a mnss ot bard suchiroid sindstonoof concrotionar) origin, 
some portion of it InoLcn lu i}, ind tin luken edges <]nit( angular it 
Moighed about thn o tons It 1 vro no triee ol k( sei ilebes Jlierc v\eio no 
fossils ti identify llie sandst >ne butliorn general oli ii leUiisti s, Professeir 
Prestwicb thinks that it is ot leit ir} oii^^in Sevti il smaller boulders, ot 
from ^ to 2 or { tt cube, nioio ei 1 ss worn, were dispeised iriegularly 
through the gravel, wlueh is seaieel) at all stratified, and contains no tossils 


Midland CouNriFS 

Dr Deanoandjour Secrotai^ have examined numerous bouldeis in tho 
Doighbourheiod ot JlaiboiiK, to W ami S W of Hinningham, between tho 
lloglc) aud Bristol roads 

One hundred and sixtj rounded and subangnlar masRcs of stone have been 
examined in this district litt} five of these aio clearly ti leeablo to local 
rocks—Carboniferous, JVrmian or Innssic tlu remauuler aro of distant 
origin 

Very few of these travelled bouldeis are m sUv Ihiy bavu been rolled 
or dragged off tho land into ehtche*s and bj ro idsidcs Some, when the size 
has boon convenient, havo been used by tho n iilcra of tho district lor 
hammering (or rather anv il) purposes 

Ninety are of the varieties ot felstonc so abundant in the Bromsgrove 
district About half of these aro of small size Iivo are of consider iblo 
magnitude—-5 ft 6 in X 5 ft x from 2 to IB , the rest nro from 2 to 4 ft m 
length and breadth, with vanablo thickness One of these felstonc bouldors 
(near Hole harm, Moor Street, about tv^o miles cost of Hales Owen) is 
Worthy of special notice Its dimensions are dft Om x2ft 6m x2fb, 
and it contains in one specimen tho three charac tens tics named in a previous 
report as occurring soparaiely m tho boulders of Biomsgrovo A compact, 
almost homstone-liko matrix contains distinct included fragments and por- 
phynho felspar crvstals Ihis specimen, therefore, conhrms the view that 
these felstone boulders, which are so numerous to tho west and south of Bir¬ 
mingham, as far os and beyond Bromsgrove, are portions of highly mdurated 
ash-beds 

At Flavell’s Farm, California, is one boulder of grey granite 2 ft by 
1 ft 8 m. by 1 ft. Vein-quartz and quart/ite oonstitiite nme small and 
three large boulders, and one of these, found near Harbome station, contains 
indudod brecciatod fragments of rock Tho size of those quartzite boulders, 



112 


KEPORT— 1876, 


the largest of which meaauros 3 ft x 2 ft 0 ni x 2 ft negatives tho idta 
that they have oomo from the Bunter tiebLlc-heds 

The general character of the boulders of tins distiict is similai to that of 
the Bromegrovo rbstiict but m the prosonco ot granite quarts and meta 
morphic rock resombke the district north and w( st ot Wolverhampton 

North and west and south west of Wolverhampton however granite is 
very much more abundant than m tbo district west and south west of Bn- 
minghom iho large boulders north on I west and south west of Wolver¬ 
hampton are it is probable chiefly Cnfft 11 or (more sparing!}) Wigtonshiro 
granite*, but there isl skdalo granite in the ncighbouihood especially about 
Bridgnorth 

The Welsh folspiithic dnfb co\crs abnndantl} the west and south west of 
the Midland lableland while felspathic rooks fiom the Jako distiiot acoora 
pauy the Lskdol^ granite and are often mixed with the CnfFcU granite 
Tho boulders occur in two distinct positions (1) m tho older glacial bods 
(2) in the uppci clay 

I vNcvsniRt 

Largo striated boulders have reeontlj been ex|K)Hcd in the extensive exca¬ 
vations which have been made in the boulder c!a> at Bootle a miihein 
suburb of Liverpool Iho site eveai ited ib intended t< r new docks ind 
extends along the nver Mersey, being reclaimed from shore within tho tidal 
range 

Mr G n Morton describes fir your Cimmittee tho position of these 
boulders, ind guts tho following section of the drift deposits which ha\c 
been exposed centinuousl} over many icrca Ihe tliKknewa of the vanoua 
beds vanes considerably aecording position and the middle sands and 
gravels often thin out and leave tho upper boulder clay reposing on the 
lower 

Section 

3 Sand and silt, old Bootle shoie 
2 Uiiper Boulder-clay 
i Sands and giavtls 

4 Lower Boulder cla} 

Upper Bunt or Sauelstono 

The whole of the subdivisions 1 to 4, repose m succession on the Bunter 
Sandstone at that part ot the section ne irost the old coast line 

The lower Boulder claj contains a much greater quantity of small stones 
than tho Upper Clay No largo boulders wore observed but us the lower 
Gay 18 not exhibited to any considerable depth it maj iKJsaibly contain some 
The Middle Hands and Gravels consist ot sands which frcipicntly, by the 
groat increase of rounded pebbles boconio gravels, reaembhug those at Preston 
Junction Wigan, Grosford, and Colwyn 

Tho Upper lioulder-clay contains comparatively few small smooth stones, 
but many large bouldirs two or three feet in diameter Many of tliese 
are striated, and are composed of greenstone, but some are bskdale granite 
These large boulders possibly occur at nn average distance of tw only yards 
from each other A large moss of compact gypsum, about 4 foot in dia¬ 
meter, was noticed 

e sections desenbod ore still exposed at the prwent time, August 1878 
* See paper by Mr Mockmtoeb Quart Joum Geol Soc vol mu p 368 


37 foot 
, 
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CUMBLULAND. 

Prof. Karkness reports that a boulder of Silurian conglomerate (the 
Queonsbury grit of tho Geological Survc}) occurs at the village of Bothcl, m 
the parish of Sorpenhow, North Cumberland In length it is about 20 feet, 
in height 0 feet, in breadth 8 foot. It is beautifully striated on tho western 
side. It is situated between the 400 and 500 foot contour-linc, and has been 
transported from the north-west portion of Dnmfnesshiro, having travelled 
about forty miles from N N W. to S S E. 

This boulder goes by the name of Samson ” 

Prof. Harknesa further reports tliat sorao fragments of Shapfell (Wastdalo 
crag) granite occur in a field in the fann of Jlindrig, near Duftou, West¬ 
moreland, at about 800 feet above tho fc>ea-lo^ol. These have for the most 
part been blasted, and many fragments occur in the wall adjoining. Some 
of the blocks arc untouched , but these aro so imbedded in tho sod that their 
sire cannot bo determined 

There are also several small blocks of this granite in gravels, vliich Prof 
Harkness regaids as Eskais, m a gra\ el-hole on tho farm of Luhan, in tho 
parish of Edenhall, about three miles east of this. Near the Tillage of Newton 
Reigny, about two and a half miles west from Penrith, large boulders occur. 
They aie so imbedded m tho sod that their si/o cannot be determined. They 
consist of tho Lower Sdunan trap of tho Lake country Boulders of the 
same kind and of a largo si/o aro also seen on tho cast sido of Newton Moss, 
which 18 a short distance S W. of the village The height of these Newton 
boulders is about COO feet above the sen 


NoR'in Wales, 

Mr. D. Mackintosh contributes tho following account of tho boulders in 
North Wales. An account of previous observations will be found in tho 
Quart. Journ. of Geol. 8oc., Dec. 1874. 

Between a mde and a mile and a half west of Llan-y-cd, on tho north¬ 
west side of Bala Lake, the glacial stnic in several places average between 
46® and 50® north of geographical west, and tho boulders are of precisely the 
same kind us would have come from about the north-west or from tho neigh¬ 
bourhood of lilyn Arenig. Both tho direction of the stnic and course of tho 
boulders would cross Bala Lake at nearly nght angles to its length; so that 
if the basin of tho lake had ever been scooped out by land-ice, this ice must 
have come fiom the south-west before tho period of tho greit boulder trans¬ 
portation from the Aronig mountain. 

At the south-west end, and along the south-east side of Bala Lake, many 
of the boulders are not tho same os those from the Arenig mountain, whioh 
are chiefly found on the north-west side, and lliey decrease m number north¬ 
eastwards, suggesting the idea that they came from tho south-west. 

Through tho gap immediately south of Moel Foma, numbers of boulders 
^poar to have found their way into Glyn Ceiriog, and cast as far at least as 
Omrk. Numerous large boulders have gone nearly due cost along tho valley 
of the Dae, os far at least as Cefn and Iluabon The oast and north-cast 
boundary of the Arenig dispersion may bo roughly defined as extending from 
Chirk by Cefn, Ruabon, Wrexham, Caergwrle, Mold, and tho east sido 
of Halkin mountain to Holywell, and thence in a westerly diicction to the 
vale of Olwyd. This line nearly coincides with the boundary of the great 

1876. I 
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northem granitic drift. Both drifts (the Welsh and northern) have, to a slight 
extent, crossed the a\crRgo boundary, and a few small Aremg liouldera have 
found their way across the estuary of the Dee into the peninsula of Wurol, 
where they have becomo mixed with the \ory abundant northem drift from 
the Lake district and the south of Kcotland. ' 

The Tvosteru boundary of the Aronig feUtono dnfi would appt'ar to run 
from the Aronig range in a N N.E. direction as far at least as the celebrated 
Cefii (/uvo, near St. Asaph, where, to a slight extent, it lias become mixed 
with tho northem drift, and liken ibg with oi ratios probably from tho neigh¬ 
bourhood ol Conway bVw or no bonld4ws from the southorn part of the 
Snowdon rnnpo would appear to have louiid their avuj over the high tablo- 
Itmdfl situated to the east of Llauiwsi nud lieltws-)-coed, the Snowdon di»- 
persion having laduitcd m nil diicotioiifl to shot t tJtittanccs onJy^ excepting 
towards tho sonlli. Tins Arcing dispoiflion is one of the meet romnrkahlo in 
South Britain Iho fohtonc bouldeis from the Areuig range have radiated 
to great di'^tancos over an urea extending irom E. to E., and to short 
distances from E. to S.E.—that is, o\er the fourUi of a circle. Tho boulders 
have found Ihcir way across tallots and o'lcr wntcrehods and high mountains. 
In most plnoos they have wholl;^ ignored tho contigumtion of tho ground, 
excepting where gaps in mountum-iangcs hare facilitated their transporta¬ 
tion. A detailed examination of tho surface-configuration, viewed in con¬ 
nexion mth the posihons occupied Iho bouldeis, would seom to favour 
the idea that they could onl} ha\o bocai earned by fioating ico, but it ought 
to be observed that there is an apparent dmtincticn between the laige angular 
and Bubangular boulders which aie seen chieily on the surfaoo, and those 
smaller and woll-glaciated boulders which are found imbedded in tho Lower 
Bouldcr-olay at comparntiicly low Iciels 

Among the Arcnig fclatouo boulders, which nio so rcmaikable for size, 
for the unexpected loutcs thoy have taken, oi for tho distances they have 
travelled, ns to render them worthy of being preserved, the following may be 
mentioned*—(1) The Cefn boulder, ft short distance west of Cefn station, 
near Runbon, which measures 15x14 feet, and nt least 10 feet in depth; 
^2) the Matruiigwychyn, or great immovable stone in the village of Eryrye, 
hear Uonarmon (about 5 miles east of Ruthin), which measures 15 x 16 x 12 
feet, and is situated about 1130 feet above the sea j (3) a boulder m a ftold 
near Bryn-Cloddian, north-east of Caerwys railwaj-station, and a few miles 
south-west of Hoh'WoU, 

The direction of glacial a trite on rock surfaces in tho eastern part of North 
Woles, ns well os in tho ncighbouihood of tho Arenig mountain, Cotwen, Ac., 
in general agrees with the course tho bouldora have token. On the sommit 
of Halkin mountain, in a quarry a short distance west of Holywell, there are 
\vell-deflncd stnro, indicating tho passage of ice from tho south-wort j and in 
the neighbourhood of Llangollen, especially near Trevor (as lately ascertained 
by Mr. Morton, F.G R ), there are soveral instances of strito pointing fhitti 
west to east. 



ON THE BXPLOBATION OP THE SETTLE CAVES. 


116 


Fbtsrlh Repori ofi/ie Commitiee^ consisiinff of Sir John Lubhock, Bari, 
Prof. Prestwich, Prof. Busk, Pi*of. T. M^K. Hughes^ Prof W, 
Boyd Dawkins, Prof. Miall, Rev. H. W. Cuosskey, and Mr. R. 
H. Tiddeman, appointed for the j^nrpose of assisting m the Explora¬ 
tion of the Settle Caves [Victoria Cave) Drawn up by U. II. 
TiddemaNj Reporter, 

Thh Commit too havo to report that work has been earned on at tho Victoria 
Cave throughout the year, with Iho exception of tho interval from tho 24th 
Becombor, 1875, to January J3rd, i87G, and that tho Settle lA)cal Committeo 
have expended dining tho year ending August BUh, 187-5, tho sum of 
w£90 13». , besides tho grant of J!lUO entrusted to them liy tho British 

Asaociatiori 

A conhulerablo amount of work 1ms been done in the com so of tho year in 
excavating Iho central ohambci A and that which lies to the light of it, 
called D. These, though fonneii} separate chambers, are now seen to form 
one large one. They consisted at i'not of mere spaces between the roof and 
tho cave deposits, which had not been hlled up onluel^ b\ tho latter, branch¬ 
ing off from one another and merely commuuicatiug at the bifiucation. 
From the lowering of the deposits by oxeavation, they now foim only one 
large and long entrance-hall to tho remainder of tho cavern, and the old 
lino of demarcation can now only bo distinguished on tho [>rcaent ceiling by 
iho following circumstance. Chamber A cuts highei into tho loof than 
chamber D, and is marked off from it by a lino of joint, along which a thick 
bed of limestone has fallen down ou to the lloor lu chamber A, but still forms 
tho roof of chamber T). This huge block, which extended a distance of about 
GO feet, from about Parullel 16 to 44, at the extreme end of chamber A, has 
given us great trouble in tho course of tho year, partly from its size, and also 
because, being fissured by cracks here and there and Ijing on a clajey layer, 
it wa» subject to successive slips. Considerable downfalls threatened from 
time to time, and these had to be anticipated by qimrryjng it away. Tho 
large body of laminated clay which has been described m former loporta 
ended off for the most part against this block towards tho north, and must 
have been deposited against it. Tina la the mass of laminated olay which 
overlay tho bone-beds ooniaining tho older mammals EUphas antaium^ 
Rhinoeei* 0 s leptorhtmiSf Hippopotamus, Hyaena, and others, with Man. 

There can bo no doubt now, to whatever agents tho formation of that inter¬ 
esting deposit bo due, that there aro somewhat similar bods also underlying 
that Pleistoceno bonc-bed in places. From about 2 feet Parallel 10 as far as 
present workings inwards at Parallel 30 an exceedingly dark, tough, waxy 
olay lies below that layer. It varies much m thickness, from 7 or 8 feet on 
the right or east side of the cavern to lesser dimensions towards the west, 
and eventually loses itself amongst largo fallen blocks of limestone on the 
lefU 

A thin layer of stalagmite, vniydng from H inches to a mere film, occurs at 
Um base of the above clay. It is often very fibrous, and m some places it 
has a distinctly greenish hue. At the suggestion of tho Committee, Dr. 
Marshall Watts kindly analysed it; and his report is as follows:— 

“ The mineral is as nearly as possible pure Calcium Carbonate. It contains 
no Fho^horio Acid. Its spedfio gravity is 2 879 , that of Calcspar varies 
firom 3-70 to 3*76, and of Arragonite from 2*92 to 3*28, bo that for a non- 
orysUUine deposit of stalagmite the agreement is sufflciently close. 

(Signed) W.IL Watts,” 

T 2 
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To retniu to our scctiou Hero and there tbi» tttalngmito mos into small 
hossos, showing that its existence was mainly owing to the dripping of water 
from the roof. It forms a kind of dotted lino of demarcation between the 
daik ctny above and the laj^or novt to bo described beneath. 

Tho bed beneath this stalagnutc is somewhat like the dark clay above it in 
arrangement, but is not of ho fine a Its colour is much lighter, a 

yellowisli broun. It is somowhat sandy, prosGiits on digging a rougher sec¬ 
tion than tho wavy lustre of the dark clay abo\e, and is more clearly lami¬ 
nated, though tho laminations m it are wider apart. This clay appears to 
follow the ni)pGr suifaces of the fallen blocks on which it rests, and is rudely 
parallel with them. \Vc tind that ns these blocks nse in succeasivo steps 
towards tho south-west, so this clay uses on them, and covers them con¬ 
tinuously at higher utid higher levels. 

There is one point about this lower hght-brown laminated cloy which is 
of much interest; channels appear to have been formed in it. Hollow 
troughs occur, which may iiorhaps bo due to its subsidence through chinks 
in the rocks beneath, or they may have been formed by httle etreums of 
water cutting out channels Bubsequcntly to the formation of tho roam mass 
of it, Howxwer they wore formed, the thin overlying stalagmite appears to 
have made a thin coating over their walls simultaneous!} with the like forma¬ 
tion on the flatter surfaces belW'cen them. Tho overlying dark waxy clay, 
on minute examination, is seen to dip into these cavities sometimes at a con¬ 
siderable angle. It is only possible to see this Limination when tho clay is 
cut wnth a clean knife; the spado olditeratos tho bedding This airango- 
mont of the lajcr^ at the sides of the trough would seem to point rather to 
our first hypothesis of their formation as being tho more probable. 

It has been Huggcslcd in former reports that the laminated clay which lies 
above tho H) mna-bed may possibly bo the result of a deposit from glacier 
water at tho time of llio ico-sheot, it being now distinctly proved that tho 
animals whoso bones occur some distance beneath it existed in that district 
at a time prior to that oold period, llic chief evidences for this last consist 
of—(I) the Bupeiposition of tho boulder-deposits at the entrance of the cave 
upon tlie edges of the hono-bod, and (2) tho total removal of the remains of 
these animals from tho open ground in those particular areas where direct 
evidence of the former extension of an ice-sheet exists. 

Wo must not forget, however, that further south and east the same 
animals oi o found m tho river-gravels under such circumstances as imply 
that a cold ponod occurred also previous to their ranging through the country, 
tho gravels being of later ago than certain glacial beds in tho south and east 
of England, These facts imply that tho animals whose bones are found in 
tho lowest known bone-beds in the Victoria Cave lived m this country in 
tho course of a well-marked interval between two periods of extreme cold, 
and that the earlier loft traces of its effects further south than tho later. It 
is therefore within the hunts of possibility that this lower waxy laminated 
olay IS a representative m time of some of tho earlier glacial beds of the 
south-east of England T)io subject, however, is an extremely wide one, 
and our present knowhvlgo of tho ago and succession of tho drifts must 
receive many additions bcfoio such an hypothesis can ho either proved or 
disproved. 

< Bronze Ohjecta,- Tho llomano-Coltio layer is probably now completely 
eliminated from Chamber A, That portion of the present largo entrance- 
hall which we used to call Chamber I) was apparently never occupied by 
the folk who used tho bronze articles* Chamber B, that* to the left of 
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ChambeJ* A, may fUII, porLaps, cout4un some relics of that pciiod, but a\c 
have not worked in that chamboi for some years, our finds of articles of 
that age arc consequently rare and exceptional On the 12th of Pebruaiy, 
1876, whilst blasting and rcraOMUg a poition of tho huge fallen mass of hme- 
stono already rcfeirod to, n bronzo hnrp-''hapod fibnhi 'uas found, in good 
preservation, with traces of its iron pm. It was in Paiallel 10, 5 feet left 
of the datum-line, and at a depth of 9 feet, below a chink m the limestone 
hloek; and, as Mr.^Jackson suggests, there is eveiy piobabiht} of its having 
fallen do^^^l tho crack from abo\o Whether dropped there b} ono of the 
cave refugees, or fallen down a crack winch had been enlaiged bj tho scttlo- 
ment of the blocks consequent on the explorations, is immatenal. It was 
certainly far below its natural level, and tho block of limcstono beneath which 
it was found extended up to the Romano-t^cltic floor 

Another object m bron/o >\ as found during the } ear upon the old upper 
tip. It 13 m tho form of an ovate leaf, with a broad midrib and rudo vem- 
ing; the apex of tho leaf is broken off hero tho leaf-stulk would be is 
a quadrate expansion pierced Milh a meUliole It is J inch long and 
1*1 inch broad, and curved in the dirrrtion ot its length. 

Animal Remaitis —Professor liusk has again kmcll} examined the bones, 
and given their determination m a icgistei llo leiniiiks. - 

“As usual, the collochon is chiefly mler^sling on account of tho largo pro¬ 
portion of Ursine remains, some of which, os }ou will perceive, i am inclined 
to assign to Uisus BpelamB , but most belong to the ferox type, whilst some few 
could not be well distinguished from Ursv^ arcto% Borne of tho bones arc 
remarkably perfect, and have tho same polish us that alreadj recorded. Tho 
only addition to the former fauna, if I remember rightly, is Musiela maries* 
There is also a remarkably small fox, but not Cams layopus, 

(Signed) G. Busk.” 

Amongst the remains returned by Prof. Busk is a lower jaw of Weasel, 
This was found in the 1 Kiwer Cave-earth, beneath tho boulders; bo that that 
IS another addition, besides the Marten, to our list of animals from the early 
Pleistocene layer. 

In speaking of tho animals found, the place of honour necessarily falls to 
the/r^OTui—not by reason of the number of his remains discovered,but because 
to him we are indebted for by far tho larger number of bones of other animals 
introduced. It is, indeed, singular to note that, notwithstanding the abun¬ 
dant evidence of his presenoo, from the characteristically gnawed and cracked 
bones of other animtus, wo have hardly any romnins of him this year except 
teeth. There can, indeed, bo scarcely a doubt that a dead hyroua was as 
acceptable to his survivors as the carcass of any other boast. 

Of Bear we have found a fine scries of tusks. Wo Imve already given 
Prof. Busk’s remarks upon them. A very large humerus, winch ho attri¬ 
butes to the Grisly Bear, was found in Parallel 21, at a depth of 12 feet. 
From the way in which its,proximal extremity has been gnawed off, and 
Borne of its more prominent ridges removed, there can be no doubt that it 
was coexistent with Hyrona. Some remains of very young Bears have been 
found— BO young, indeed, as to make it doubtful whether they ever had an 
independent existence. 

Of JK/urtoctfro« we have a femur, found in Parallel 30, at a depth of 7 ft. Oin. 
It has been gnawed, os such bones always are, by tho Hyaena, and to tho usual 
extent. Several exceedingly fine teeth of Rhinoceros have been found since 
the bonea were submitted to Prof, Busk, and their determination must bo for 
the present poB^ned, A lower premolar 4 of Rhinoceros, which was the 
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first of that animal found in iho oavo, together with the homau fibula, and 
hitherto supposed to bo i?. tichonnus, is now considered by Prof* Busk to be 
ii. leptorhnus. 

Of Deer found tlus year wo ha\o seroral. One is a base of an antler with 
brow-tino {Octvus but the aperies is marked as doubtful; another 

tmo 18 doubtfully lelcrrcd to dapJius^, another is a fragment of a very 
large antler, and no species is at^signed to it; also there is a patella ol a very 
large deer, W'hich wub near tlio surface. * 

Of Goat several remains have beon found; and it would almoat seem pos¬ 
sible, from the depth to wbioh some of them occur, that this animal may have 
existed in Britain at an euilior ago than has usually beon asBiguod to it; but 
wo onnuot put loiwaid this idea confidently without further confirmation. 
One liumtTus of ,m evcocdingly small Goat has cuts ujion it which aro evi¬ 
dently liuman ntubmanNhip, but there are ciicumstances which render it 
desirable to rcseivo any tmtlier remarks upon it (o a future occasion. 

In OUT lust year's icpoit wo culled attention to the existence in the Victoria 
Cave of a fauna which u c may confidently aRsi^ijn to a cold climate, separated 
in some part<5, by an accumulation of deposits 12 feet or more in thickness, 
from an earlier one, which is equally choraetonstio of high temperatures, 
whereas in another pait of the ca\e not far off, where the material to separate 
them 18 -wantuig, wo have ammah from icy and tropical countries inter¬ 
mingled in a cmduBiun which would bo xnizzhng did we not got tho clue hard 
by,’* Wo romaikcd tliat it yiis evident that the separation w'as natural and 
regular, tho mixliiro abnormal and accidental. “Ab distinguished flora tho 
lo\> ei bed, tho chiot oliarat tonstioa of tho upper wore the preeeuoo of the Itom- 
deor, and the absence of Elephant, Itluiioccros, llippojiotamug, and Hyicna/’ 
Tiicso rcmaiks woio made solely on tho evidence which passed through your 
piesent reporter's hands Hirice ho undertook to conduct the cxploiation of tho 
cavern. Prof. W. Boyd Dan kins has kindly written to remind us that Beiu- 
decr was found in the lower ca\o-oorth, below tho lamimitcd clay, when he 
had charge of tho exploiations, and ho has no doubt that it was dragged m 
by Ilytcna^ 'J'ho liyccna-bod at that spot, vu tho mouth of the cavern, Was 
at n depth of J (> feet below tho laminated clay, and your reporter had an 
impression that the Kcindeer-remain a occurred at some lieight above tho 
Hyeena-bcd. Bo that as it may, Prof. Dawkuiss ojnnion is entitled to groat 
weight, and is, indeed, tbo view generally hold. At the same time, consider¬ 
ing that Ilyapna and Beindccr are not uncommonly found together in oaves, 
when, as in this case, we seo thorn mixed togetlicr at one or both ends of a 
section but sepaiaied through an interval of 7<) feet m length by a thioknew 
of deposits, wo may regard the fact as at least an interesting one, and, when 
found, noteworthy. 

Tho excavations still throw light upon how the Pave was formed. As far 
as we have j^ct workwl nt tho present level, the right wall of the cave is seen 
to have been hollowed out by streams. Hevcral grooves occur, indicating 
water-levels, but, except quite at tho entrance, we have not got down to the 
ancient floor. We are alrendy working in deposits which are probably of 
g!»eater age than the older TTiames gravels. Tho nver is now nmning 
t)00 feet below us AVhat ourher records wo may disentomb wo cannot tcUj 
we must work on aud wait. 
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Report on Observatioyia of Luminous Meteors during the year 1875-76, 
by a Committee, consisting of James Glaishlr, F.R *S , 11. P Gitrc., 
F.G.B , FU,A S , C Buookc, F ItS, Prof. G. Pokhls, Fit S F., 
Walter Flhiiit, D Sc,, FGS,, and Prof, A, S. Heuschul, 
M,A., FR.A.S. 

[Pl\te IV ] 

Tub principal subjects of discussion m iho present Report arc, as they have 
been m formci years, the descriptions of meteors and meteor-showers of 
which iho Committee has leceived information during: the mtcival of n year 
which hus elapsed since the presentation of the last llepoit, 

Of such maicnals a largo supply has as iisual hoen contiibutcd to, or has 
boon sought for by, the Committee, Moat of the appoaruncoa described aie 
fireballs of an occasional character, some of which have given nso to a good 
deal of remark and Sdentiiie disrussion m the public joiirnals of the day, 
both from the ev optional cliaiacbu of brightness and from the quick le- 
pilitiOQS of then occurrence 

Largo Uruballs were seen on the 3rd, 7th, and 14th of September last, 
which were observed over such a eonsidcrablo extent of country as to allow 
of thoir real heights and paths to bo calculated uith a somewhat unusual 
degree of accui.u}. The paths of these im t( ou woio enlcnlated by Captain 
G. L. Tupman, ot the Rojal ()bHii\atoi), (irtenuRh . niul ^e^y satislactoiy 
concliisiuns wore aiii\cd at as to tbo piobablo meteoi-showers oi systems to 
which these largo fucballs, two of which were detonating, appear pretty 
certainly to ha>o belonged 

Other instances have occurred wheio bnght fiichalls have been seen at 
several points in lOngland ntlyfai apart, and liavt* boon observed with 

sufficient accuraev to lead to defimlo altlu)Ugh not geneiall> moio than very 
lough detcriinnatious of their actual heights, velocities, and direrhonn, Ono 
of tho largest of theso bolides was seen m bnglit sunshine on the 22nd of 
December, 1875 , another of great brilliancy was noticed on tho evening of 
July 25th, 1870. of llioso meteors, as only a few well-recorded descriptions 
woro obtained, tho probaldo real paths mo only generally indicated, or have 
only hitherto been provibionall} computed. Meteors of this conspicuous cha. 
racter appeared also on tho Kith of August, 1875, and on tho 15th of Apiil, 
11th, l^th, 15th, and 21st of Augustin tho presont year. Some heights of bhooU 
ing-stars observed in tho August shower in 1S74, and described in tho Cata¬ 
logue of last year’s Eojioit, nio deduced from the observations, and aio hero 
presented os completely as the accuracy of tho observations would permit. 

The occurrences of meteor-showers during tho past >oar havo been very^ 
slight and ill-dofined, with tho exception of tbo August-shower displays of 
1875 and of the present your. Tlio picscnt y^'ai’s recurrence of tho August 
shower was, how^ever, loss plentiful than has been visiblo for several years 
post, and has amounted to a real luiuimum of intensity of its annual oppa- 
ntions. 

A new general catalogue of meteor radiant-poiute, with an accompanying 
key -map, compiletl during tho past year by Mr. Greg, appears m the Report, 
and a valuable contribution of reviews of tho past year’s records and exami¬ 
nations of aerolites (of which the many lemarkubJo occurronoos continue to 
increase in soiontifio importance year by year), by Dr. Flight, concludes its 
pages. One of tho most interesting of such events, it will bo recoUootcd, took 
place this year in England, when a mass of iron weighing Tflbs. foil at 
Rowton, near tho Wreldn; and this, it may be observed, is only tho seventh 
inatance where a moss of metallio iron of raetcorio origin, or an aerosidorite, 
has actually been seen to fall. This event took place in Shropsliu o, at 20 
minutes to 4 o’clock p.ii., on April 20, 1876, 
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OBSERVATIONj 
IN 1875-70, AND IN 


DtU. 


Hour 
|G.M T. (orj 
locol time) 


Place af 
Obfceivation 


Apimreiit Sue I Culaur 


Domlion 


PoMtion or 
Appaiont Patb. 


1871 

tlug.ll 


1873 
May 14 


h m a 
12 33 am 


NearTroubruIgc, f argc meteor 
Salop i 


3 Sam 


About as Inree a*- White 
' the planet Vtnus 
when most bnl 
liant 


1874.1 

Aug.lOjlO 15 30 
p m. 


J, 


Ljnton.N Pesoti Wn bright inctcoi 


10,10 IG p m ^RadclifFe Ob« As bright u Venus 
lervatory, 

Oxford 

Dnitol. 


Sfpt .0 

13 

Nov.lO 
11 

1870. 

Peb. 4| 9 30 pm 

40 pm 


8 40 pm 


8 53 30 
p tn. 

11 0 30 

p m. 

9 44 ptn 


Creditor!, Devon 
Ortstol 

ibid. 


Meirose, Scot¬ 
land. 

lGreenhitbe,Keni| 


:r::Jnpltcr 

= Jupiter . , , 

Ungbter than 
Venui. 

=Venu8. 

Brilliant meteor 
About=Venus 


Tied 


[Perhaps the same 
as that seen 
At Cardiff and 
Bristol at 12^ 
22"^ to 23*^ 
A M Sec these 
Reports foi 

1872, p 81 ] 

About 5 or i hist optieared i 
seconds { little eastward 

of the moor 
(then m tlx 
S S W ), sne 
I passing a liltU 

I lielow it dis 

appeared tc 
' the weitwarc 

of that In mi 
nary at abou 
15^ above tbi 
horizon. 

. Position of the 

streak I 

I ) «=» 

, rrom337i'>+5° 

to 331 4" 3 


Rapid 


Verv slow 


Slow 


Prom 7 to i3 An 
j dromedae. 

mm im 

From 275®+20^ 
to 265 -12 
Passed between 
(i and y Oplii- 
uchi 

From 15° above the 
hori>son to i Unv 
Majoni. 

aw 

'From 43° +30° 

7 -4 

\m itm 

iFrom ai°- 6 ° 
to 84 -.13 
[Travelling north.. 


About C or 7| 
lecondi. 


to 


t 

t 
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OF LARGE ^[ETEORS 
SOME EARLIER YEARS. 


Length of 
Path 


I 

Direction or BaJiant-poiiit. Appearance, Beroarlss, &c 


Observer 
or Keference. 


A very briliiani meteor; liglited 
«p the country Seen after 
liotira observations of the 
August iiictcori on the WrcVin 
lliU. 


Descended at an angle of about 
40^, from S L, to N \V j 


G. T Ryves 
Commumcated by 
G J S>mons 


Died gradually out, and left no F. V Jacques. 


visible tail or apailia—perhaps, 
from the hiiglitncss of thc^ 
moon, which waa shining vvilii 
great splendour. 


Communicated by 
W F Denning 


i[The recorded courses of this| 
meteor and of the next are 
not reconcilable with each 
other,] : 


long path Directed from y L}rm 


IlluQiinated all objects withs J Johnson. 


Comniunicatcd by 
W. F. Denning. 


47<’ . InadiantFj^, .. 


flash like that of light 
iiing On looking upwards, 

1 saw the streak as stated, 
which remained visible eight 
seconds. 

The meteor seemed to hurst at J. Lucas 
Androiiiedie [Identical with[ ‘ Radchffe Ohwrvi- 
ihelastmeleor WF.Denning] lions,'vol for 1872 
Left a streak almost vertical ]ii|W, F Denning. 

S.W. for a second. 


Very bright j left no streak . S J Johnson. 

I Communicated by 
I \V P. Denning. 
Left a long train for 3 seconds AV. F Denning. 


Iky. 


Falling stars on February 4th at Communicated lyO jJ 


9*.. .. Radiant the llyades, or m Aii- Oiily the end of the flight oh-Id, 

j ligae. I served; no visible streak. 


Ui visible Prom west to eut 
conrteex* I 
tended half| 
serose the 


A.M. 

Mucleui with a continuous tailj 
and pieces dropping from it ati 
intervals. A nlnt vapour ap¬ 
peared to precede it, fallingj 
Uck upon it as it sailed along 
A large and fine meteor. 


Symons 
jEktract from a News 
paper; oonuuUDicatedl 
by W. F Denning 
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Date 

Hour 

G M T (or 
local time) 

I lace of 
Obaorvation 

Apparent Size 

Colour 

Duration 

Poiitiou or 
Apparent Pgtb 

1875 

b m 






June 2 

About 

Wolverliamptf n 

1 arge 


Vbout 7 or 8 

Hi coorae wu 


10 30 pm 



icconda 

nearly south 
east 


7 

2 15 am 

Mclrote, Scot 

Bnllia it I leteor 





land 

1 




25 

11 20 pm 

Cambridge 

line meteor ' 



la the north 

July 7 

10 54 p m 

Rnstol 

“Jupiter 



Paased juat under 


1 



Cassiopeia 

8 

12 2 am 

Ibid 

— Yenua ' 



Shot towards the 







Bword hand ol 
Peraeiu 

Aug 1 

9 25 pm 

Ibid 

—Jupiter 


Rapid 

«= 3= 





From 126°+ 53® 







to 125 ^46 

8 

10 10 pm 

Ibid 

About=\enua 



Shot across or near 






IT Pegasi 

1C 10 20 pm 

TheGaidenClid’ larrc meteor 

White, like 

Several 

From a point in il e 



near Sc ^gnes 

! 

b m mg 

sccon Is 

S E to a little N 



Cornu el] 


magnes un 


of G but a few 




1 


degrees above 

the neighbmmng 








hilli of Penhalls 
Mine 

Sept 2 

9 22 pro 

Regent a Paik, 

Large and brilliant Rather ruddy 


Came from about 

London 




Corona itacourac 







ending about 10 
below • /3 Un« 







Majoria 

3 

0 52 pro 

RaUtilTe Obaer 

i 

\bout3x 1^ [Disk Blue changing 

5 seconds [1 5 

First appeared just 



vatory Oxford 

15 of da/7l ng 

to green 

or 2 seconds 

west of Baturu 



[Royal Obaer 

bright neat ] 


rapid ] 

[Passed between 



vntor> Green 


41 and /3. diiap 



wicli, &c ] 




pearing close to 

K AquilK ] 

4 

Abwt 

1 4S pm. 

We«t Derebaro 

Splendid meteor 



In the nortlwweat 

6 

10 0pm 

Bniiol 

Large fireball 



In the eastern sky 

7 

h^l pm 

Btimt ObMr 

Bnahter than Jv 

Blue with red 

Duration 2 or 

Seven or el^srell 
ohierved appa¬ 


ntoiT, Oxford, 
Ipawfebp Koot, 

roter or Yinoa 
bilk about i ap 

aparks Blue 

3 tecondi 



colour of 

(Oxford, C 

rent positioiu of 



Sturmj, Siaex, 

parent diapaur 

nuclena very 

or 7 sect ) 

its course, 



&e 

ofikaumoA. 

bngbt 
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liftngtli of 
Pkth* 


Pirootioa or Radiant point 


Appftarane« Remarki Ac 


Obiorver 
or Uefcrcnca 


r or !*« 


I Very >hid made a startling Arthur Hlnda 

i glare in tho sky Nucleus Communicated by 

with a long tram and a 0 J Syrooni 
‘ bng) t dame fike head dick 

I ering 1 ke a torcli earned 

against the wind 

Communicated by G J 
Symons 

Very brilliant Seen alto at Id 
Calathorpe 11 ^ RO"* F u 

Directed from the Po nters in 'V F Penning 

Ursa Major 

From the direction of (i Pogasifjcft a train for ? seconds Ini Id 
n ediatelv afterwards another 
meteor at Jupiter tl ot dowt 
at right angles to the path 
of the former one leaving a 
streak for 1 second 

I rom direction of m Urwe Mi Left a very bright tra a for two (d 
nor s secoi ds 


I om X Pcrsei a 1 erse d 


'Visile behind clouds loft all 
I long tram 

iLight brighter than that of the K R 8 The • Times 
. moon Nucleus like a chain Aug 19th 1975 
of bnghi beads Seen also i 
'^^aleB and m Brittany Iraucc I 
I f^ec Append \ I) 


I ' I 

Sloping downwarls towardi|A tine meteor leei through T CfUmplen* 
i tne northern horizon clouds vri ich ol sciired the 


stars the opparent {ath ap | 

I pru\in ate Nucleus with a 

broad tapering train ntible 
several seconds after it on lU 
course 

Descending ilighily eastward Threw off a spark at diuppear / Locu (See Nature 
[Fell vertically Radiant ance about the apparent size of Sept 9 lS75t *Ailron 
pi nt of the projected tracks Saturn [Ended with a flash Raster April 1676, 
at 31P, +5^ ] of excessive brightness ] and Appendix I of this 

j Report) 

' Communicated by G J 

I Syrooni 

Descending slightly Inclined Nude ti globular | illuminated Communicated by W F 
from the vertical towards the sky like a flash of light Denning 
the left ning Seen by nany persons 

at Bristol i the flash leeu also 
/ by Mr Denning 


Long eouru Radisnt point of the projected Fireball with train of scattered The * Times, Bopt D 
tracks 347%-flD® sparks 10° long Divided in Astron Register, Oct 

I mid course into two, with flash 1875 Ac (See Ap^ 

of blue light, accompanying pend. I of tbu Report} 
each other very dosely to ex 
j tliietion Demised Left no 

I streak 
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BXFOAT —1876, 


Date. 

Hour 

G.M.T. (or 
local time) 

Place of 
Obscrvatiun 

Apparent Sire 

Colour. 

" 

Duration. 

Position or 
Apparent Path ^ 

( 

1875. 

h m 1 





1 

Sep 11 

11 0 p ui 

Kdinbiirgb, 

r.arge meteor L\- 

.. 

2, seconds .. 

Zigaag coone a- 

Burntisland,Ac 

trcniely bught 



cross theirnduiff 



Scotland 



in Auriga. 

11 

8 20 p m 

Ljnn, Norfolk... 

3 or 4 X Venus ... 

Pale blue 


Close above the 
E. by N. hon- 
zon, which it 
did not reach 
before disappear 

Twelve or fifteen 





14 

8 27 30 

Ilnyal Obser\a- 

Large disk, nearly 

White or blu- 

Meanohienred 


p m 

torv, Green- 

apparent size of 

ish'White, 

duration 

well - observed 


Vk\c\i, and in 

the full moon. 

tail of tome 

8 seconds. 

positions of ap- 



bU part^ of 


coloured 


parent course. 



England. 


sparks. 


25 

8 25 p m 

Bath 

About half appa 

Various 


Descended from 



rent diameter of 

colours. 


not far aboie 




the moou. 



the northemt 







honzoD, as if 
wUh full bright- 







nets, to thr‘ 
earth. j 

25 

8 30 p m 

Near Bristol . 

Veorlv lialf appa* 

White, like 

, 

Almost due norili.) 



rent diameter of 

Venus 


from altitude 




the moon 



about 40° to 
about 30<^. , 

Ocl. 4 

11 32 pm 

Bnilol 

Jupiter 

Bluish 

1 5 second . 

Prom 1 to /3 Cetl.. | 

5 

10 18 p.m 

Royal Observa¬ 

Very bright . 

Bluish white 

About 1 sec 

From altitude 4*^ 

2& 

tory, Greenwich 

Near Aberdeen, 
Scotland 

1. 


N, 68® W. to 
altitude 3” N.. 
78® W. 


1 

ijSrenipj 

VcJ 7 large 1 

1 



Nor.l5 

j 6 30 a tn ‘ 

Leicester 

Very bnlliant 

R»ldlsh 

Quick . . 

Shot down to the 



1 



S E horiaoQ and 


• 



1 

i 

disappeared not 
far from Spica. 

22 

About 

10 0 p 111 

West Dercham, 

Bnlliant meteor 

1 

. .. . 

. 


i 

1 



i 


Otc. 9 

4 45 p.m 

Buruham 



1 

In tlie south .... 

Large meteor .^ 
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Length of 
Path. 

1 

Direction or Radiant-point. | 

Appearance, Remarks, &c. 



1 Meteor With strong light casting 
shadows. Halted and flasheii 
as if At angles on its course, 
formed a zigzag streak visible 
for three or four minutes after¬ 
wards, which disappeared in 
form of a ring. 


Moving northwards 

1 

Grew gradually larger until it 
disappeared. Followed in 4 or 
5 minutes by the next meteor 
'^For description of the following 

1 meteor, see Appendix I,] 

ong course , 

Radiant-point of the projected 
tracks, 348^,+0°. 

1 

Nucleus pear-shaped and uni¬ 
form m brightness, with flick¬ 
ering tail of sparks; faded out 
at disappearance, leaving a 
faint white streak. Light of 
the meteor intense Detonn 
tion loud at Bradford, hem d 
also at Wath and York(?). 

. 

Course diagonally downwards 
from east to west i 

Nucleus of oblong shape 

1 

. 

Fell obliquely as it pasted from 
east to west. 

1 

1 

i 

Nucleus followed by a streaming 
tram; left no streak. 


. 1 

In the night of October 
28lli. Like a huge rocket, 
leating numberless sparks on 
Its course. 

Vivid meteor; lit up the sky in 

1 spite of the glare of the moon 


Directed from some point in 
Leo. 



Obtervcr 
or Reference. 


' Nature/vol xii.p. 460, 
Sept 23» 187:^1 other 
stmilar aceoiinti in 
the * Scotsman.’ 


J. J. Allinson. 


The ‘Times/ Sept 16/ 
' Nature/ Sept. 23, 
1875, &c. (See Ap¬ 
pendix I. of this Re¬ 
port for the ml path 
and other particulars 
I of the meteor.) 

i 

J L, Ncwfpaper ac 
I count; commuDiraledi 
by W. V Denmog 1 


ir. II. Olver, Id Id 


\V 7 Denning 

G. L. Tnpmin. The 
‘Tunes/ Oct. 8th, 
1875 

Communicated by A 8 
Hertchel. 


SV. S. Franks. The 'As- 
tronomical Uegfiler/ 
I J.D. ie 7 «. 


Ic made two descents, and 
flashed otf at un acute angle,! 
aa in the sketch. I 


Communicated by 0. J 
I Symons. 
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iiBroKt—1876, 


Dato. 

Hour 

G.M T. (or 
local ttmfl) 

Place of 
Obaervafioii 

Apparent Site. 

Colour. 

Duration. 

PoaltlMi or 
Apparejrt Path. 

187^. 

OM.ia 

h ra 8 

10 8 p.m 

Dnstol 

= Jupiter , * 


Very ilow * 

Paitcd juit trader 




fi Urttt M^)ori$. 

22 

1 33 p m 

Ooiklnf, Surrey 

Ab\>ut ^ diunictfi 

. 

Xoi very rapid 

latheMN.W. ... 

22 

1 38 43 

Southampton .. 

u ((hu moon 

Large . 



1 

1 

1 





p m, 






2i 

About 

Drauffbintft near 

Largo , I. .. 

. 


[Vom W. to N,W., 


1 40 p.in. 

Ware. 




dliappearing 
•bout 25*^ above 







the N.W. ho^ 
rlaon. 

23 

8 44 pm 

BrUtol 

— Jupiter 



PaHed acro«8 p 





Geiuiuorum. 

lB7d 
Jan. 4 

9 28 pm. 

Street, Somcriet 

2xVenui. 

Ye1lo«iih 

1 lecond ... 

«= 3= 




green 


From + 







to 172+35 

31 

9 13 pA« 

Briilol . 

=:Venui. 

t«f 1 

Rather slow . 

Pith obeerred, 
From 64®-12* 



1 




to 60 ^80 
la the S.8.W. 
iky. 

iTflb. S 

8 31 p.in. 

Ibid. 

=Man , . . 

4 a ev 1 * 1 4 f 1 

Very ilow 

From 175'^+31^ 





•peed. 

to 185 +35 



tbid. 



on line from 4 
Leonia to Cor 
CaroU. 


4 

7 35 pm 

^ apparent diamer 

... . . 

Moved very 

From 74«+4® 



ter of tbe moon 

1 


alowly. 

to 50 -1 
from y OiioftU 

/ 






to a fewdemei 
boiowoCell. 

13 

1 

7 8 S4 

pm. 

Croditon, Dcron 

1 

Preciaely tike the 
planet VtoiM. 

Gfecn ill 


From ^ to 30 be* 
yond a Leporia, 
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Pireciion or lUdUuit*polnU 

Appearance, Remarks, Ac* 

Observer 
or Reference. 


From direction of the moon 
lUdUnt Q Geminorum. 

1 

Left no Btreak* On Dec. 10, at 
gh 15m Intense flash, 

piobably of meteoric origin, 
seen in a clear sky 

VV. F. Denningk 
'Astronomical Regis¬ 
ter/ Feb 1876. 

If 1 

From S.S.E to N.N W, ilc , 

Nucleus an irregular luminous 

11 J Powell. 

1 

scciiding thuB 

\ 

ball, With no well <b fined disk 
like the moon; followed by s 
long tram of lire broke up 
and disappeared before reach¬ 
ing the hoiizon 

The ‘Times* and 
Letter to W. F, 
Denning, 


S.AV.toNE... 

Seen In full lunihme lUfoim 
like a common rocket 

F W. The'Timei* 

kbout ao° 

Inclined about 40*^ to the ho 
rlz:oii< 

Shaped hke a pear or a kite, 
left a faint white streak foi 
two or three seconds, and 
disappeared without exploding 
Seen 111 bright sunlight. No 
detonation heard, The ap* 
parent length and Inchut- 
tion of the palli were ap¬ 
proximately nieoiured with a 
rod 

Uft no streak. 

E Daw. 

(See also Appendix 1 
for descnptlon of the 
same meteor by Mr 
Webb) 

i f* I 

1 

Directed ftom Polaris Ra- 
dlant In Draco (about x Dra¬ 
co dh ’). 

W F Deumng 

15^ .. 

.. .. 

j 

Cast a strong light* DiMppeared 
behind a cloud. 

E. Clark. 

L®** •■* tkf t111 

IU4iant A ... 

V 

Seen through clouds. Left no 
visible tram (Radiant proba¬ 
bly juat north of • Tauri), 

W. F, Denning, 

IhortpftUi ... 


Left no streak. This inct^ir and 
the next proceeded fham the 
same nuliant*polnt In Leo. 

Id. 


Sliglitlj deMendlng from left 
to right. lUfeditut In Leo. 

Nucleus glbhular 1 left no train, 

Id 


Shot dowavardi... 

Seen on looking away from the 
planet Venus. 

S, X. Xohnson. 

* Astron. RegUter/ 
Xona 1876) p> i4l. 








m 


USPOBT— IS70 



1876 I h m 8 
Mtr 1 6 46 pm 


19 


Apr 15 


15 


June]5 
[July 8 | 
2 o| 

24 

24 
24 

2j. 


11 18 pm 
(Pariitimc )I 


8 31 pm 


Plac« of 
Observation 


Apparent Size 


Colour 


Bristol 


LuTcmbourg 

Pans 


Bristol 


About illawkbnrat 
8 35 pm/ Kent 


>> Jupiter 


Large meteor 


MucUlargertbougb 
tittle brigliterj 
than Vetms 


White 


Duration 


Slow motion 


PNltkMTior 

ApparoiilPath. 


Paued near ( and 
V Uns Majoni 
or sligbily abote 
those itara 


2 5 seeondi 


Very bright 


About 
8 10 pm 
(local tune )| 
8 55 p m 
(local time )| 

11 42 0 
10 25 30 


Suez and sta 
tionfl on the| 
Suez Canal 
Iowa, U S , 
America 

Bnitol 
Ibid 


11 3^ 0 Ihd 


11 37 0 


^bo«t 

10 0 pm 




Radcliffe Obser 
vatorv Oxford 


Poplar Cast 


oplar C& 
London 


I nrge fireball 
Large firel>all 

n 

9 

=lit magf 

Nearly I apparent I 


^ lute 


Red tbenvivid 


diameter of iha green 
moon 12 or 15' 
wide but much 
longer, with no 
change 


Rather awift. 
Not very iwift| 

I 5 tecond 


About G ic 
condi Mo 
tion quite] 
uniform 


o— 3= 
From 00®+24® 
to 62 +31 
Passed about 5® 
above ^, and 
disappeared be 
bind housea in 
theWNW 

Pirst appeared close 
to the planet 
Venui, and 
streamed past 
the Pleiadei to 
the honeon 


«= 3= 
|From 337°- 7’ 
to 348 +18 

AC 

From 306®+27® 
to 817 +49 

asz ^Es 

jFifom 38°-j-53® 
to 55 +39 , 

I From 50 Canio- 
pei« (/ Cnito- 
dis, Bode) to Ca> 
pelta. ' 

From R A 16^ 15' , 
8 Led. 17*, 
to BA 1(0 
SO* N Led 
180 

Observed while 
comet - seeking 
near the planet 
Jupiter 


OBstavATioVa or Lvmwvn meteoid^ 


120 


Leofth of 
Path 


r ong path 


l^irectioa or Radiant point ‘ Appearance^ Kemarki Ac 


01 server 
or Reference 


Radiant at m Penel 


^4^ 


Left no itreak Seen by F Ben 
ning the recorded path fron 
deicription 


W F Benmng 


A fireball recorled m the watcl jChapelai Coutvier Oia 
for meteon kept at the Ob v er Comptea 
eervatory of the I uxembourg Rcndul vol Ixxx i 
in March 1876 Mean hourly p 92-4 
n imber of metcnri for t! p 
n onth 2 I ordi lary average* 
for the montli o f 

D rected from between Procyon Pear shaped nucleus en U gP Benmng 


and Castor 


[Courae of no 
great length 
or apeed 


fat t sparks as it rolled al 
left no streak 


S i 


V beaut f il meteor seen in the ^ Humphrey 
Mrestern tvnilight 


I 

Ij40 


.Radiant in Aquarius 


Rarluni ]» CiMiopeia 


Detonating bur*i \vub a loud 
report 


Very fine meteor left sparks an 1 
a train I 


(See Appendix II, 
1 arge Meteors) 

II 

j\V F Denning 


eft a bnghc tram for 2 seconds 11 
I eft no streak [ 1 




frain [Identical vilth the bit 
meteor ] 


J I oral 


* It first small and appeared 11 be 
gett ng red 1 ot ll en burn 
1 forth wub a vivid green flame 
I w! ich continued to near the 
end of lU path when it teemed 
I to be burned out and disap 
peared 


Jol n Lane 
Commumoated bv 
W F Denning 
(See alto Appendix 
11 Large Meteors ) 


1876 . 


K 
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EXPO&T— 1876 . 



Hour 

G.M.T. (or 
local time) 

Place of 
Observation 

Apparent Size. 

Colour. 

Duration. 

PoriBofl or 
Apparent Path 

h m 

Almut i 

10 0 pm i 

jNear Maiden- 
1 head, Bucks. 

! 

1 Large meteor . | 

1 

Vivid greenJ 
like an aru- 
ficial light 
rather Ihani 
a natural 
shooting- 
star 


In the northern 
sky near the 
Great Bear 


2a 10 2 pm Urlatol 


Vny largo 


railed from bm(| 
to north at an 
BHHude[^] above 
the horizon about 
the lamo u that 
of the planet 
Jupiter at 9 f,ii 


5 p ni lildgeware Koad, ^laorge apparent diiV Vivid emerald- More than five Prom the conitel 


green {train 
of liory red 


7 pm Street,nearGlai-4X5^ 
tonbory,Somer-| 
ictshire I 


25 Abont Hertham, Surrey Itarge meteor 
10 12 pm I 


seconds; lation of Aguila 

leisurely [’] through that 

speed. of Hercules [?] t 

curved sligblii 
do^nnardi,t>asi- 
ing a few degrees 
under, and dis* 
appearing a little 
northward of 
A returns. 

About 5 or 0 From about 270° 
seconds. —10® to 5° 

+ 53® (nearly { 
view of the stsrs 
naar its course 
obstructed by 
clouds). 


....... Speed of ap- Passed close under 

parent mo- Arctnrus, as In 
tion very the sketch. ^ 
j leisurely. 


'Blue' or 
'green' (two 
observers). 


31 9 43 piniDiistol . =Sttius. .. 


jAug, 4 10 17 p.m Olavgow Mot very large 

i I hrilliaiK I 


Rather fast . jiv 

From 264»+l0<* 
to 280 -ID 

fieconda, . I'aued oxer tl» 
I loath ude oi 

' Glasgow. 


5 10 U p-mJarisM .1=1^. 


0 39 pm.RadcKffe Obscr-1 st raag.e . Red,., 
vatory, Oxford' 


I second .. 


im 

From 20°+47® 
to 8 +58 
, Faued f) BoOUi 
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lifln|tli of 
Path. 


Dirootlon or lUdianUpolnt. AppoarancOt Remarks, &c. 


Prom ivnt to east 


Moved lionzontdlly. flms 


RockeHiKe ; seen by ae\crftl per¬ 
sons [An equally large me- 
I tcor, writes the Paris corre 
spondent of tlic ‘Echo,' Jiily 
' 21 or 25, had lecently been 

I seen m Fans —T. Crumpicn 1 

fl*e meteor hurst at ihc'end of Cuinmuiiicated by W, 1 
I Its fliglit and kft a blight tram Denning, 

I [The recorded ullitude of its 
I apparent course disagrees witli 
^ ^ that assigned at Street, below, 

1 and with other more diilant 
t obseirationi of tlio meteor's 
j track ] 

Almost horizontal [The early'Body of the fireball a large sphe-. 
part of the meteor’a course nonl head tapering awav into a 


Nearly 9Q^ 


here described differs very 
widely from that assigned to 
it bv other observers in the 
ueighbouibood of Liondon ] 


Almost pirallel to ilia horizon 


About W® .. Left to right, nearly horizontal! 

Jrctffrrr^* 

Pa(ih ^ 

t2 

1^®* . Radiant Lyra or Diaco .i 


Prom north to south, angle at 
37®[?]. 


tail of fiery red coloui, followed 
by a luminous track Appealed 
with sudden bnghtneas, and 
it travelled on collapsed sud¬ 
denly with a bright efTiilgencc, 
esactly resembling a flrcwurk| 
close at hand. 


Left a splcnilid tiam of frag¬ 
ments redder than the heed, 
two of which were as hnghi 
ca 3rd mag stars, Disappcoied 
with a sudden flash. 


Sky >ery clear, and appearance 
of the meteor very startling 
Us licad had the appearance 
of being double—thus, the 
larger of the two parts above 
(but this impression may have 
been a deception) i— 


V fine meteor; left no streak 
sceu through clouds. 


Observer 
or Reference 


W* Wajte 

The 'Times,' July 2P 
187G. 


I] Ommanney Lcttei 
to Mr Giaither. 


Communicated by J IJ 
Clark. 


George Dines Letter] 
to Mr. Qlaisher. 


W, P, Denning; 


w ...... 

t 


Radiant of Penclds 


Directed about from u Cannm 
Venaticorura [?]. 


Like a rocket, with an extra James Thorasoitr 
ordinarily long tad. Trj ' 
veiled in a zigzag or tic 
mulous manner. | 


Left a bright train . 


Train. [Identieal with the next 
meteor.] { 


W. P, Denning. 
IJ. Lucas. 

K 'Jt 
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AKPOET— 1876 , 


D«t« 


Hour n, , 
0 M. T. (or, o 
local time) 


Appirent Size. 


Colour 


DurtUOB. 


Poddon or 
Apiwreat Path. 


1876 
Aug. 5 


1i m 

10 40 pm 


Briitol 


811 57 pm. IIju) 


10 ,About Ibid 
9 28 p m I 


= V ... 




10 


= V. 


About 
9 54 p.in 


10 About 
I 8 30 pm 
,(loct] time V 


It 12 59 a,m 


I 


Ihid 


Oflf New York 
Long abouti 
54 i° W., Lat, 
about 42 ^° N 


Very Urge meteor;. 

2X?. I 


Like a planet, or' 
brighter 


Bnitol 


Nearly = V 


] I 10 38 p m loristol 

11 


About 
11 15 pm 




Cardiff, Souih '.Large and bright . I 
Wnler ' 


ir About 


11 20 p in linston 


Clifton (and Ivcrjr large meteor 


iUtLcr avtft 


Nut %er> iwl/i 


From Z UrMe| 
Majmrit to q 
(190° I 
+54° to 20r 
+ 19°). 

From 6* + 25 
to 556®+ 39°, 
jolt to left| 
of m Andr«.| 


Rather rapid 


From 

to 2 U +74 
From 85 °+ 78 ° 
to 183 +G 8 
(obierf ed path). 


In the writ . ( 


From j 9 ArietU to 
8 ° below the; 
moonf or 
87 °+ 20 ° to 23 ^ 
+ 11 °. 

rnwm imm 

From 15l°+69° 
to 170 +53 
Bunt forth over 
head and traTel-> 
led in a weaterly'i 
direetion. 


iieoi aka «|»»ooteeal 


Af parent eounc, 
that, abote Una 
(horn 

■Ugfal^ 

PoUrU toward 
the W.8.W. ho. 


deeer^a.) 
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Length of 
Path. 

Oifoction or Radlant-polnt. 

Appearance, Remarks, &c 

1 

Observer 
or Kcfercaco. 

3A°. 

Radiant in Perseus or Cossio 
peia. 

A splendid meteor . 

W F. Denning. 

16° . 

Moved upwards 

Left a blight tram. 

Id 

27®. 

1 

laCt . bnirlit trun for 2 lecondi 

1 

Id 


1 1 

1 . *' 1 

1 

1 

Left a short bright train at 
i 150“-f 78'° visible for 5^ mi 

1 iiutcs, and drifting ihenco to 

1 IBS'" 4-7°. 

t 

Id ( 

( 

1 


N. to S., in a line nearly paril- 

From 8^ lb"*, eight meteors seen, 

Communicated by J L 


f lei to the honzoii 

1 

1 

I 

9** to IC*, U ineteori \ 10^ 
to 10“ 30", 3 meteors. On 
the lllh, 45" to 9^ 8 me 
leorsj 9“ to I0“, 8 meteors 
seen Aug. 12th, 8“ 30^ to 
10\ only 2 meteors. Sk\ 
quite clear most of the time of 
observation. 

CUrk. 1 

1 

1 

1 i 

1 . i 

10° . 

. 

... . 

W F Denning. , 


19 » . lladisnt in ..'Very fine meteor j left a streak,. Id 

I I 

. .... ..Rocket-like; caused a biilhftnlC J. 

fiaih of light, and left a vi\ld' (‘ Western Daily 
streak on about 10° of Tunes') 
course, which remained vuilde 
leveral minutes. 

.I'emid.Extremely bright, like eh id light. Communlcted by W. F. 

ning, even m the strung moon- Denning, from ac 
I light. Uft a broad bright train couutabvG.F.Burder, 

, visible for fully a minute. (Nu Clifton (and hj otbei 

i cleui round or otbI. Kcynisb, observers near Bris- 

near Bristol another, rather tol)., 

8tnaUer» visible ten minutes 
later. See Appendix II, Lorg** 

Meteors) 
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Date 

Hour 

G M T (or 
local time) 

Place of 
Observation 

Apparent Size 

Colour 

Duration 

Poaltion or 
Appareal^th 

1876 

h m 8 






Aug 11 

11 21 pm 

Sunderland 

1 nrgf and bnglit 

White Streak 


Point of dM«|>peir- 



Durl am 

red above 


ance «= d= 





>ellov at 
lowest 


2Br-2l4® 





point 



11 

11 22 30 

jlrclton \ortl 

1 iilly as bngl t as 

Greet ikh ^ 


fi St appeared be 


p ra 

1 Devon 

\ cuus appe 118 at 
her brightest 

while 


tween the coit 
stellationi Per 
teus and Urea 
Major Prom 

1 

: 

11 

1 

i'll rule near 




10 0 ifiBode) 
Camelopardif 
halfway towards 
m UrstB Mirons 

VI out 

|M ichl I ghlcrt lan 



Tint appeal^ 


!1 21 1 n 

Cl elmsforJ 

1 ^ ^ 



about 6 ° Dorthi 


! 

Ls cx 




preceding m Co 
ronaa passed be* 







tween that star 


and « Dobtii, 
and died out a 
few degrees S W 
of N Coronee 


1 13 

9 27 pn 

Rakiffe Obscr 
vatory, Oxford 

Laige mtieor 



Starting point 
near » CaNlo 
lieisD End of 
course bidden 
by the Tower 
of the Obaer 

1 13 

9 27 pm 

Buiitingford, 

Herts 

= ? 


Vt least 2 sees 
Moderate 
speed 

vatory 

Passed ctoee to 
■ CjgnI 

About •= 
from 30°+67® 
10 305 +37 

IS 

Vlio It 

0 20 pm 

Uristol 

Vt least as bright 
as Venus Bp[ ears 
at Its maximum 


ow motion 

Pint seen ^htly 
aboie Arctaniit 
disappeared un 
der the star 
group of Corns 
Bereniceti on 
the NW hort 
Kon, descending 
obliquely 

1j 

9 ^ pm 

Radcl ffe Obser 

Vatory, Oxford 1 

1 

3 or 4 X Jupiter 

Blue to green 

1 seconds 

From •, ptaiing 
n BooOa, to a 
point on the 
h orison in a 
line with g 
Un» Mg|orh 
and m Cannai 
^ enitJo^m 
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LeDgth of 
P»tb. 

Direction or Kadiant-point 

Appearance, Remarks, 

Observer 
or Referenook 

Terminal part 
2® or 3®.) 

Directrtl from 17 Aqnilic. 

End of course only seen, dis¬ 
appearing behind trees, vith 
a strong glow extending mam 
degrees round Streak 2° 

long left for three seconds, 
1 ° or 2 ° abo ^6 the point of 
disappearancea 

T. W. Backhouse. 


Form of the btreak. 

i,r 

Left a streak visible for 50 se¬ 
conds, which became curved 
like a rcQping>hook before 
disappearing. Also seen at 
Lytham (coast of Lancashire), 
at 11*^ 18“ r M , apparent path 
near the zenitli and to the 
60 utb\N ard 

S J Johnson. 

(* Exeter & Plymouth 
Gazette.') 

. 


Meteor like a long pale-green 
flash, leaving an orange tram 
for fully a minute. 

U Corder 

(‘ Asirouomical Re- ' 


Cot on^u 

. ' • 

gister,* Sept. 187G ) | 

1 

1 

1 

y 

Shut touthwiirJs. 

1 

Left a long tram. [For a descrip¬ 
tion of this meteor's course at 
Folkestone, see Appendix HI, 
Periodic Meteor-showers ] 

1 

1 ' 

Commumcated by J. 
Lucas. 

I 

. 

j 

i 

A fine Peraeid, left a streak foi 
5 or 6 seconds [Identical witli 
the last meteor.} 

R. P. Greg 

1 

i 

• .. 

N«t a Peneid; radiant appa- 
rcntly in Aqmla. 

i 

1 . 

Nucleus pear-shaped, emitting 
sparks as it rolled along, but 
leaving no persistent streak 
visible in the na/y sky» 

W. F. Denning. 

i 

J. Lucu. 

1 

1 

! 

1 

1 
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APPENDIX. 

I. MEii^oRa Doubly OBSiiu\ED, 

In tlio list of obfaoi vations proaented with lost jearH Deport, Bovorol 
examples of meteors doubly observed, chiefly in the August meteor-show or 
in 1874, occurred, and tho heights and real paths of these meteors have been 
calculated. Tho computed real paths and velocities, and tho radiaut-pointa 
from which tho meteors weio directed, aio shown m tho Table opposite. 

It la probable that few observations are sufficiently trustworthy to give 
coiTOci v^alues of the speeds ol individual meteors, but among several 
such (Ictorminations the avci ago velocity of the IVrseids lieio found may bo 
regarded aa appioximatel} uscei turned, and it does not greatly oxcoed the 
value which theory assigns to it. The real path and radiant-point of tho 
fireball of August loth, 1874, baa been recalculated, as well as the velocity 
from the average of two observed durations of its fliglit, the calculated speed 
la withuv a mile of the velocity of a body moving in a parabolic oibit from the 
direction of tho radiant determined by its appaicnt jiuths. The latter point 
18 very near a known radiant-point of a shower to which it may bo presumed 
that this huge fueball belonged, and a marked centre of radiation of 
shooting-stars near fj^ e Aqiiarii, diuing tho annual shower of Perseids, is 
thus probobly conflrraod by this double observation. The lecorded tracks of 
the fireball at Birmingham and Ncwcastlo-on-Tyne diverge from a centre 
at K A 813°, S Docl 14° , and n radiant-point from tho 3rd to tho 31st of 
August is shown by Dr. Schmidt s investigations to bo observable at It A. 
308° R Deck 8°, The stni e Aquarii (It.A, 310°, H Deck 10°), near this, at 
some distance from winch several other ladiant-points for July and August 
are clustered in Aquarius, occupies the extremo west, while tho latter radiants 
more nearly adjoin a star 0 (It A 333'", R. Deck 8') which la in tho eastern 
part of the same constellation 

In tho list ol largo motoors which accoinpanieB this lleport, an observation 
of a large fireball on August 10th, 1875, at 10‘' 20*^ r.M , near St. Agnes, 
Cornwall, is described, of which two othoi descriptions also appeared in ‘ The 
Times' of August 21st and 25th, showing that tho meteor was nsiblo over 
a very wide area, from Wales to Brittany in Franco 

Ty Mawr, Ty Llangelly, near Cnckhowell; Mr H. Ball —“ On Angnst 16th, 
at 10*^ 26“ P.K., I saw a very bnght meteor, which is probably the same as 
that seen, by your corrospoudont FR8., from St Agnes, Cornwall Prom 
this place its position was nearly 5° htlow and to the right of tho full moon, 
on a line inclined 45° to the hoii/on.' 

Hedon, Lower Bnttaii), Prunco , F.R.G S.—“It may bo worth while 
mentioning that tho meteor been in Cornwall and Wales was also seen by 
me at Redon, Lower Brittany, at tho same time. It was exceedingly bril¬ 
liant, and, as F.R.S. remarked, it much resembled a string of magnesium 
beads. The night was singularly clear and the moon very bright, but tho 

* r J the oopy of Sob mult's list of radiant-poinU printed m tho volume of these Eoports 
for 1^x4, p 3zl, nbould have been observed tliat tli© positions to whidi da^a u well os 
montha of duration are assigned are asterisked m the originitl list as ooouratelj (the rest 
being IcM accurately) deteMtied The radiants near 9 Aquant in Schmidt's and 
Tupman's lists are erroneously quoted in the Monthly Notices of the Royal AM^ronomiosl 
Soriety (vol xxm p. 218) as being the “ nearest known ” radiants to the above described 
point of emanaUon of thu inoteor's real course. 
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Beal Heights and Velocities of Shooting stars and of a Bohde observed m England, August lOth and 11th, 1874 
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light of tho meteor was Tory striking; it appeared ^to mo to he moving 
slowly in a compai*atively horizontal course.” 

Tho most important instances when duplicate observations of meteors wore 
collected during tlio post year, permitting tho height and direction of tho 
meteors’ real patlis to ho determined and very aoourato results to bo obtained, 
occurred on tlio 3id, Ttb, and 3 Uh of September, 1875 It would occupy 
too largo a space in thono JReports to relate at length tho various accounts 
that wore published of these motoors; and those whidi oflbied the greatest 
accuracy of doacnption and position only nro hero extracted from tho compa¬ 
rison and ruJiution of a great many oxccUont records of their appearance 
published by Captain Tnpman in tho ‘Astronomical llogister’ for April 1870. 

Meteor of September .‘^rd, 1*S75, 0** 52”’ v ir.—A meteor ending 'svith a 
flash almost as blinding as tho Bun, seen by U. L. Tupman at tho Itoyal 
dbsorvatoiy, Ciroonwich, with an apparent diameter of about 15' of arc, 
falling exactly \crticaUy in 14 or 2 aeconds to a point loss than P below 
and rather loss than tins to the loft of k Aqinlto, from a distance of some 20° 
above that point It dimirii<>lied in biightuoHs at llrsl, but disappeared with 
a flash at Inst, having about half tho moon’s apparent dmiUeter, ns far as its 
brilliancy allowed tlio oy<‘ to obtimate apparent dimensions of its disk, and it 
appeared globulai and left no streak on its ooiirse 

This IS tho doacnption given of li bj Captain Tn]unan, and Biunlni accounts 
of its path and appearance were obtained at other ])l«re3 At Tedslono DeLi- 
mere lleclory, near Worcosler, it was visible in tho *S,K by H falling \erti- 
cully, and also falling vmtically at tho Kadchfto Observatory, Oxford, by 
Mr. Lucas; while at Ijcigliton Buzzard tho direction of its path was also 
vertically downwards , and Us appeorunco at all these places was exiremoly 
brilliant. The radiant-jx>mt of this meteor was very nearly in tho zenilh at 
the time of its appearance, and from tho pobjtions of its apparent couise 
furnished by tho different obseners, Captain Tupman concluded approxi¬ 
mately its real coin so, os will bo seen in the annexed Table (i». 1441 of the loal 
paths of this largo metoor and of two other brilliant fiioballa which appoured 
a few da}8 later in tho same month*. 

Tho second largo meteor generally observed in the southom jmrts of 
England in tho first week of tho eamo montli appeared at 31** 21 *** pm, 
September 7th, 3H70 ; and eight or nine reliublo obsoiwations of its apparent 
course at different places, principally in Kent or Hurroy, and l^bscx, and at 
Ipswich and Oxfoid, were collected and compared together by Captain Tup- 
BVUi. Amonpf those ore drscnptioua by tbo observers at tho lvo}al Observa- 
Grecnwioh, And at tho Uadclifle Observatory, Oxford. It appears to 
baVA been of toitmwbat loss splendour than the other two bright fireballs of 
wkidk numerous accounts m the beginning of Hoptember were obtained, bnfc 
yot| OA swn from Wnttlo near ('holmsford, almost immediately below its 
real point fiiappearance, it will be seen, from Mr. H. Corder’s excellent 
dosoriptioa of itt which folloiVa, that its light was sutfleient to illuminate all 
objects with a bright flash, and that a very distinctly audible detonation 
followed its disappearance 

I did not see it at first, but hoard that it rose upwards from the 0.W. 

* The dctaiU of the various debcnpUons, and a laluablc ctmes of conoluiions and 
dedaotions from them, will bo found lu on article oomznunicated by Captain Tupman la 
tlw * Aatronomictl Begister' for April lS76 The final rwulU of bfa csiculationa of 
iheia meteors’ real paths are also oontained in tho nusSbcl for Pobruary, I87fi, of the 
' MhntKlr Botioes ’ (n the Aatronomical ftoriety, vol. xxxvi. p. 216. 
t *Astronowiioal Begister’ for October 187o, vd. xU p, 346, 
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1 ? B.E,], bursting like a skyrocket into a number of piocoe, then fadmg away 
and bursting out again. At first it was of a blue colour. It was sufficiently 
bnlliant to light up the country "When 1 saw it it had just passed above 
a Andromedee, and was of a docidod mauve tint and double. It rushed along 
at a great speed, with an unsteady flickering bght of great brilliancy, and 
disappeared near the cluster [xj I’ersous It left no tram, but woe followed 
by a few spuiks One minute and three quarters after disruption I hoard a 
double explosion like the firing of a double-barrelled guu at a distance, fol¬ 
lowed for about Lo seconds by a roUing sound like distant thunder I also 
heard that on tho Friday previous (the 3rd of Heptombei) a bright meteor was 
seen, just before 10 p.m,, bursting into several red sparks. It went about m 
a direction N. to H.’* 

Another well-described account of the magnitude and appearance of tho 
bolide of September 7th is that of Mr. W. A. Schultz, who saw it at 
Lowisham (near London), Kent, and writes that it appeared to be threo 
times the apparent size of tho planet Jupiter, of bliush-white colour, 
leaving a fine train. The nucleus was of extreme brilliancy, and omitted 
magnificent blue and red spinkfl Its duration was second. From Mr. 
Corder’s account near Chelmsford it appears that tho fireball detonated, or 
broke up and disappeared with an audddo explosion, the sound of which 
occupied minute in readiing his position. IIus being, according to the 
calculated real place of tho meteor at disappearance (21 rniles above a point 
near Withara in Essex), about 23 miles distant from Ins place of observation 
(a diatanco which sound takes 50* to travel at its ordinary speed m air), 
it affords a Batisiactory ground for the conclusion that this fireball, although 
not so bnlliant as that whieh preceilod it on Heptember 3rd, was yet certainly 
of tho detonating or aoiolitic class, which was also tho character of the 
fireball of 14th September, to bo next described 

This was ono of tho largest meteors which has boon visible in England 
for several years, and numerous notices of it were pubhshed in the doily 
newspapers, in addition to iihich several piivate accounts of its appearance 
were collected by the Committee, and more particulaily by Captain Tupman, 
who himself observed the meteor, and who has compared together all tho 
available descriptions. Omitting details of tho apparent positions of tho 
meteor’s patli b) the stars, which have been recorded and carefully reduced 
by Captain Tupman in the above-mentioned communication in the ‘Astro¬ 
nomical Kcgistor,' the following aro some of tho particulars recorded at 
different places ot tho meteor’s bnghtness and general appearance. 

Near tho Koyal Observatory, Oreenwich, fc^pt. 14th, 8^ 27J*", Q.M.T,, 
Captain Tupman states —“The fireball was very bright, but of ordinary 
appearance, three or four times bnghter than Vmvs; long tram; left no 
streak ; colour white; motion slow and stately. I estimated tho duration at 
two seconds, perhaps more; but I did not count. Lieut. Neate, K.N,, saw 
it from the Observatory grounds, but lost it behind a roof at mid course, 
after seeing it for two seconds. Colour deep yeUow, with red lower edge. 
Time 8.27 p.M.” 

Tram Inn Station, near Hereford, 8*^ 30*“ p m.—T he Rev, T. J Smith 
describes tho colour as a beautiful greenish blue of intense brightness, even 
ifi \Tie strong moonlight. The train narrow and straight, of red sparks, 
which continued longer than the light of the head. It appeared to extin¬ 
guish without any detonation. 

Near Wisbech, Mr. S. H. Mailer writes •—“ I was driving towards the 
west, and the moon shining brightly in a cloudless sky, when my attention 
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was attracted towards tlie north by tho bright light of this beautiful meteor. 
At first it was as largo as Venus three times magnified, and of a blue colour. 
In about a second it passed into the poar-shape, leaving a thin streak behind 
it. [The appearance of a fireball seen at AVisbcch on March 1th, 1872 (see 
these Reports for 1872, p. ^ molten silver/’ is hero referred 

to by Mr. Miller as exactly resembling tho aspect which this fireball assumed 
at its greatest brightness.] In another second it dimimahcd to the size of 
a star of third magnitude and appeared yellow. There was no explosion, 
but it disappeared about 15° from the horizon ’’ 

Other jdeseriptions at Teignmouth, Wath near Rotherham, Halstead in 
Essex, Fonngdon in Berks, Yoik, Ludlow, Bath, (’ambndgo, and Manchester 
agree in desonbing tho luminous ap^>oarnnco of sparks, corruscations, and light 
fiakos accompanjing the meteor os confined to a short fiaming and flickering 
tail, sometimes divided, foliowiug tho head, somewhat rodder than the fore¬ 
most brightest part, which had an ai>pqrcnt width of or while thowliole 
apparent length o£ the oval disk of the meteor was fully equal to or some¬ 
what surpassed one lunar diameter, and tho nucleus collapsed on neanng 
the horizon without any signs of an explosion. Some poitions of tho tram 
of sparks appear to have boon of more iKTsistency than the icst, us nil observer 
at Sudbury, Suffolk, writes :—“ Tho shooting-slar ilsolt was very largo 
and bright, and attached was a long tail, broken at about a third of its length 
from tho end into dashes aud dots of bright colours, leaving a wdiite track 
behind for several seconds after tho meteor itself Imd disappeared.*^ The 
accounts at other places dosenbo a flame-liko tail and spaiks following tho 
head, although not a persistent light-streak loft upon the mctcor*s course. 
An observer at Duxford, near Cambridge, saw not only the inotcor but the 
sparks also UtroxKjh an oidinary white calico wiiulow-ldmd, uhich was down. 
at tho time. 

As regards tho meteor’s bnghtness, its light at some points of observation 
fuUy oquaRed and perhaps surpassed the intensity of full moonlight. In a 
letter to Mr, Glaisher, an observer at Ht. Ives, Hunts, Mr. J, King Watta, 
relates that the meteor started into view from Ursa Major immediately 
opposite the moon, it travelled slowly, was of tho most intense bnght white 
light, round, and five or six iimcs the sue of any of the planets. Tho sky 
WRs dear and doudless. We weio travelling Wtweea the moon and tho 
meteor, and our shadows on tho road caused by the moon were of course 
large and clear, but those caused by tlio meteor were more clear and more 
sharply defined.” A notice of no less interest and importance (but with which 
no name and locahty were given) appealed in the * Northumberland Daily 
Express/ affording good proof of tho intensity and duration of tho moteor^j 
light, “ There was a tree in the passage j and suddenly I found mysdf sur¬ 
rounded by a wonderfully bright light, and the shadow of tho tree was cast 
on the wall on my left, every loaf and twig more distinctly than in the sun- 
diine.” Bdiovmg the light to proceed from a window in the house, and per¬ 
ceiving it to come from beyond tho house, the observer stopped back a few 
paces to the comer, and was just m time to sco a most bnlhimt meteor de¬ 
scending towards the earth. “It did not burst or cxplodo m any way, but 
gradually dinuniahod till it became extinct ” The glare of the meteor’s light 
on the ground, already strongly lighted up by the moon, attracted Mr. J. W. 
Proctor’s attention to it when driving north-westwards from Gnmstone 
towards York; and an observer near Carlisle, driving southwards to that 
town friun Longtown, describes the meteor’s appearance thus:—“ At 8^ 25" a 
meteor of most dazding brightness caught my oye. I saw it first appaiendy in 
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close proximitj to the ftiU moon, whioh hj the side of the meteor appeared 
quite pale. In colour it 'was not unbke a lioman candle [white or blue], 
it moved very slowly through the sky, in a direction westwards and down- 
■wardfl.” (The direction assumed m the calculations is towards the point iv** 
or 20“ indicated by the hands of a clock, hanng tho moon at tho centre of 
tho dial.] 

The oorth-point of this meteor, os concluded fi om tho observations by Cap¬ 
tain Tupman, or tho place where tho meteor’s real path prolonged would 
have readied tlio ground, is in the neighbourhood of H^burgb, a town in the 
extreme noith-west part of Yorkshire, and not fnr south-south-oostwarda 
from Carlisle. Tho point of disappearance was at a height of only 13 or 14 
miles above tho earth’s surface, not far from Pately Bridge, "West Biding, 
Yorkshire. The distance of this latter point from Walh, near Botherham, 
18 about 47 miles, which sound would traverse, with its ordinary speed m air, 
in about 3“ 47'. 3ir. W. M Burman, who saw and describes the metoor as it 
appeared at this place, board a detonation which, from its close ngroemcnt 
with tho calculated time required by tho sound of Ihe meteor’s disruption at 
disappearanco to reach him, was probably a distinctly audible sound of its 
explosion. Ho wntes*—“The magnificent metoor of Tuesday night, Sept. 
14th, was well seen here in a cloudless sky at 8^ 2fj“ H.M T I was walk¬ 
ing, and the full moon was throwing my shadow on tho wall on my right, 
when suddenly a dazzhng light shone around, and my shadow vanished ffom 
tl»e Mali Upon looking up, I saw this magnificent meteor slowly careering 
across ihe sky, quite overpowering tho light of the moon. It passed nearly 
overhead, and disappeared m tho N.W by AV. It was of a half-moon shape, 
the preceding part being convex and sharp, tho following part flamo-like end 
flickering, and of a bnlhant bluish-whito colour No red tinge was seen 
from first to lost, nor tram, nor sparks. Its diameter was about half that 
of the moon. In that dazzling light it was impossible to see any star; but 
soon after it had passed I tried to make out its path*. Its total visibility 
was about 0 seconds, but I only saw it dunng 4 or 4^ seconds, as it went 
behind the roof of an adjacent house; hut a fneud (who saw the end of its 
course from a neighbouring place) sAys that it simpl} disappeared, no sparks 
being visible, nor any change of colour. Three and a half minutes after it 
disappeared I heard a sharp and sudden explosion, like the report of a small 
cannon at a distance, exactly from tho direction that the meteor had taken; 
but whether it had niiy thing to do with the meteor or not I cannot telL” 
Mr. Burman adds that the rumbling of a distant train prevented me from 
hearing, any sound during the passage of the meteor, if any such were 
audible;” and it was, in fact, remarked by several who described the meteor^ 
that while it was in sight a rushing or hissing sound accompanied its paO^ 
sage through the air. Passing over these descriptions as impressions of very 
doubtful positive reality, the case of such a sound recorded at York by Mr. 
Proctor may perhaps be explained as duo to n real detonation, of wMoh he 
gives tho following dosoription at that place*—I have some imptession that 
it was aocorapani^ or followed by a rushing sound, and a* friend of mine 
thought the same, but amounting to an explosion at a great distance.” In 
a note of some length in ‘ Nature * (rol. xfa, p. 480) on largo meteors bx the 

* Mr. 2uman'i position, so nearly under the brightest portion of the meUoris track, 
may have led to its extreme brightness hiding and overpowering the sparks and duller 
fragments which, at more distant stations, are said to have attended and followed tho 
gaeteor m some part of its course as a tram of redder colour than the hea^ 
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early part of September, 1875, particulars of tbo appoaranoo of that of 
September 14th os soea at Bradford are extracted from the ‘Bradford Ob¬ 
server' of September 16th, where it is ielate<l that “to a spectator it boro 
the appearauce of some solid body in a state of combustion, the sparks liyinj? 
out on all sides, and a track of flame bcinfr loft after ita paaaaj^c. Its passage 
was acoompaniod by a noise as of a loud explosion, which was idaiiily hoard, 
not only by those who were outside, but by persons nisido the houses who 
did not see the aerolite itself. All parties concur m eajung that so stroog a 
light was cast around that a newspaper could easily bo read for the space of 
half a minute.'’ 

It should be remarked as a curious coincidence, not unfrequently recoulod 
in the accounts of largo meteors, that a companion flroboll of the briUiant 
meteor of September 14fch was noticed by one observer of its appearance. Mr 
J, J. Allinson, at Lynn, Norfolk, states that “ at 8*' 20"* p.m , the moon 
shining brilliantly in a cloudless and clear sky, I saw very low down in the 
eastern heavens a bright meteor of a bluiBh coloui, throe or four times the 
size and two or three -tiraoa the brightness of Venus at her largest and 
bnghtest. The bearing was about E. by N , and it seemed moving in a 
noverly direction, but, by its getting larger, to bo approaching the spot 
whore I was standing. I should say it disappeared before reacjuiig the 
horizon. [There is little doubt, Captain Tupmaii observes, that this meteor 
belonged to tho samo meteor-system as the much larger companion fireball 
by which it was sliortly followed J About 4 or 6 minutes afterwards, whilst 
looking m a south-westerly direction, I was attracted by a bright light in the 
north-western sky, and on looking towards that quarter observed a most 
splendid meteor, about tho size and colour of tho first, but much more 
brilliant, descending from near the last star [ij] in tho toil of tlio Great Boar 
in an almost vertical, but I should say somewhat irregular course.” Of tho 
former of these two fireballs no corresponding observations (as it must have 
been seen over distant porta of theNorth Sea or over Belgium) from otherploccs 
have hitherto been obtained ; but from its central position over tho midland 
and northern counties of England, obseivations of the second extremely bright 
meteor of the pair were recorded abundantly at all stations throughout tho 
country, as has been described, from its interest and importance, m the fore¬ 
going paragraphs at considerable length. 

Both this largo fireball and that which preceded it on 8opt. 7th may be 
presumed from these descriptions to have been “ aerolitio ” or detonating 
ones; and it is remarkable that they had nearly a common radianf^point, and 
that this point of divergence or real direction of the two meteors’ Rights is 
in close agreement with well-established radiant-pomts of shooting-stars in 
the first half of September, to which the observations of Hois and Schmidt, and 
tho meteor-shower lists of Greg and Tupman, all agree in assigning very nearly 
corresponding places and durations. The following Table, p 144 (from the 
* Monthly Notices’ of the Astronomical Society ctf.), describes the results 
of calculation from observations of these three large meteors; and tho closing 
words of his oommunication to tho ‘ Astronomical Register’ (firom which tlm 
forcing particulars are extracted) will hero describe tho astronomical deter¬ 
minations obtained by Captain Tupman as regards the actual orbits and the 

f iTobable known showers or systems of ordinaiy shooting-stars to which tho 
ast two detonating fireballs of these three bright September meteors may, in 
all probability, be oonjeotured to have belong^. 
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Rog^arding the second, which, like tho lost of these meteors, was probably 
aerohtic. Captain Tupman observes.—“ It had two heads, one close behind tho 
other, or it divided itself at mid course, the two parts slowly increasing their 
distance apart by retardation of tho hindermost as they rushed through some 
50 miles in something under 3 seconds of time. This appears to bo a proof 
of sensible retardation by the density of tho atmosphere, although its pres¬ 
sure could hardly have exceeded two tentlis of an inch of mercury, llad the 
meteor remained in existence another second it would have fallen into the 
village of Castle Hedingham, 6 miles S.W. of Sudbury Tho heated matter 
left behind it lu tho form of a tail was visible along 10 or 15 miles of its 
path ** *, On the resemblance of the orbit of tho lost of the three meteors 
to that of tlio second, the following considerations are also adduced —“ The 
astronomical radiant-poinfc is within 15°, probably within 10° of that of the 
meteor of Sopt, 7th The two meteors were also similar in character, and 
they apiiear to have moved with nearly equal velocity, something under 20 
miles a second. This part of tho heavens has also been known for many 
years as a radiant-regioii for shoot mg-a tars at this period of tho year. 


Dr Held found for September 
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The moan of the two found by Schmidt is within 3° of tho Sept, 14 fire¬ 
ball radiant, and tho mean of the other three is as close to the Sept. 7 
radiant. I'he old positions, therefore, recei>e a gonuino and unexpected 
confirmation from these two fireballs, the radiants obtained for which are 
certainly quite os accurate as the others, and merit being classed as now 
doterminations ” 

An interesting notice (as obsorvod above) of the remarkable fireballs of tho 
first two weeks in September appeared m ‘ Nature ’ of Sept. 23rd, 1875 (vol. 
xii. p, 400), in tho course of which some particulars similar to those related 
above of tho appearances of these splendid metoors are described. 

Among tho few accurate descriptions which were obtained of the large 
daylight fireball of the 22nd of December, 1875, tho accounts of its appear¬ 
ance by observers at Dorking, at Southampton, and near Ware aro included 
in the list of large meteors accompanying this Report. The following obser¬ 
vation of it by T. W. Webb (‘Nature,* vol. xn. p. 187) furnishes some 
further extremely valuable notes of its apparent course. 


* It should be obeerred that m Ins inTOStigations of the stonePall of Pultusk (.Tan, 30, 
1868) it was shown by Oalle that tli© area upon which the atones fell was vertically below 
the point of the fireball’s disappearance (twenty miles above tho earth), and not, oa might 
have been anticipated, in the lino of the meteor’e obliquely descending course prolonged 
onwards from that point to meet the earth’s surface A drawing of the fireball of ^p- 
tember 7. 1875, from a skotcJi at tho time, was recently communicated to tho Comouttee 
by Mr, H Oorder, representing bis view of the meteor m the end part of its course, which 
he obeerved After a bright disruption into ■o\epal pieces (soon by other observers), 
two large nuclei were visible, not following each other, but moving side by side, equally 
bri^t and tapering, and one of them about half a lengUi m advance of the other, with 
a clear interval of about one diameter of each between them A very small fragment 
was also visible, which disappeared quickly, while the two heads oontmued Ihcir course, 
widi scarcely any chanM or brightness or of relative ^ition, from near a Andromodas to 
near ^ ^©rsei, wbere they died out rather suddenly, leaving no streaks, almost toother 
The sooud came from the S B., whore the meteor hurst, not from tho east, where it diedaw^. 
and persons who saw it before the duruption said that the meteor was then a single body. 
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Hay^ B. 'Wales.—“ Beo. 22. As our servants were altiin|r at dinner by the 
kitbben window, two of them were startled by the sudden appearance of a 
brilliant meteor, apparently descending in the east, with a little inoliuatioh 
to north. It was not so large as the moon^ but much larger thtin Saturn or 
Mars; white and hke lightning, with a very quick course, lea\ ing a tram as 
broad as itself^ and preserving ita full size ml lost behind the top of an oak 
tree at a little distance, whose branches, though leafless, seem to have con¬ 
cealed it from view. The next day 1 found, by means of a compass and 
joined ruler, that its azimuth was E. by N., its inobnation towai^ north 
about 10®} the upper wkidow-fhimo, wnore it probably came in sight, 48®, 
and the top of the tree about 18® above the horizon. 1 have not as yet 
heard of any other observation of this remarkable meteor. The position of 
Hardwickc Vicarage, wheie it was seen, according to the Ordnance Map is 
long. W, 3® 4' 23", lat. N. 62® 6' 20".” 

A comparison of this account with the observation at Braughing by Mr. 
Daw affords a rough determination of the real path and direction and of the 
probable place and altitude of this unusually bright meteor’s course above 
the earth’s surfuee, but owing to the absence of estmiatos of the duration of 
its fliglit, no probable value of tbo meteor’s real velocity can be assigned. 
The course of this daylight meteor appears to have been from about 46 miles 
above the southern part of Warwickshiio to about 15 miles above tho centre 
of Northamptonshire, disappearing about 60 miles from Mr. Daw’s position 
near Ware, in Herts, where he states that no sound of an explosion fol¬ 
lowing its appearance could be perceived. The direction of its flif^t was 
from a radiant-point at about K A. 260°, N decl. 20® (near (^ Horculis), distant 
about 45° above and westward from the appaient place of tho mid-winter 
sun, which was shining brightly above tlie southern horizon when the meteor 
came in sight*. 

The bright meteor seen in twilight on April 16th, 1876, at Bristol and 
Hawkhurst (see the accompanying flreball-list), must have passed over Ire¬ 
land or the Irish Channel for west from Bristol, as the position of its apparent 
path there, near the setting planet Venus, differed very little from tho simi¬ 
lar account of its apparent path in Kent. The position of its radiant-point 
cannot have been the usual one in Virgo (about 196°, ^0) in the early part of 
April, as its recorded path at Bristol, prolonged backward nearly parallel to 
the ecliptic, crosses tho constellation Virgo about 20° south of tho equator ih 
the nei^bourhood of this position, juroceeding from the direction of a r^ou 
where no well-established radiant-point of ordinary shooting-stom has hitherto 
been observed. 

The next large meteor, of which many contemporaneous observations were 
communicated to the Committee, some of which hare also appeared ih 
daily newspapers, was that of July 25, 1876, about 10'* 6“ p.m. Several oo- 
oounts of this fireball are contained m the list of large meteors acoon^anying 
this Report. It resembled the fireball of September 14th, 1876^, in appearance 
excepting that a d^ded green hue of the nudous was plnervM, a imme- 
wbat more voluminous train of red sparks and fragments appears to hami 
fbllowed the head. The light which it cast was not so intense as that of th# 
fireball of Se^mber 14, and no sooiid of a detonation is related to have 
been perodvea. The ra^ant-point of this large fireball was near Antares t 
buti owing to UA reoeht i^ipearanoei the descriptions of it hitherto ooQcotcd 

* * Monthly Nottess’ of the Boyal Astroncmfioal Society, vd. Bonri. p 21T. BaVl 
plsiM of ofaserratlon, Hven m « BrangUng " In thiit nxirotint, whould hare been Braoghh^gi 
nesr Wsre, m Hertc 
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hate itot been eabmitted to ezaet calculation, altbough florno of those recorded 
in tlie preeent lilt are eufficleut to determine with cousiderable accuracy its 
real patn. 

From the following deecriptiona It appears probable that a companion 
meteor may also have been visible^ corresponding nearly in the lime of its 

r arance with the principal large Ateball which was generally observed. 

John Lane, whose very exact observation of the meteor at Poplar, 
London, Is included in the Ust, remarks:—It appears to mo thero must 
have been two meteors seen near the same time, one sear-green and very lurgo 
[the meteor ot 10^6“ t.m , July 2ri], the other puiplo and somewhat smaller. 
The clear observation and dosonplion given by ^Ir. H. Pratt from Prightou I 
cannot harmonise with my own, while some others agree very well with ifc. 
ity results are that it began vertically over a point in W. long, 1°, N lat. 
150® 10', and ended ovor AV. long. 2® 16', N. lat 61*^ 43', at an elevation of 
about 34 miles Distance tiavoUcd in relation to the earth 120 miles, in the 
orbit of tho meteor 170 miles. Actual diameter about 500 yards,” 

Tlio following duplicate observation of n shootmg-star from tlie direction 
of a LyrflB on the date of this largo mctooi’s ajipearanco was obtained (as Iho 
Committee was informed by Mr. Denning) flora a compaiison of his own ob¬ 
servations at Bristol with those made by Mr, Clark on that data at Htreot, 
near Glastonbury, about 20 miles south-south-westwards from his point of 
observation. 
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Another large Breball, apparently a Perseid, was very generally seen and 
recorded m tho southern counties of England at about ll** 23*" r h. on tho 
llth of August, 1870, several descriptions of which arc included in tlio 
aooompanying fireball list. Of this bright moteor (which had a long courso 
and tKWimed great iliuminating power, and which left a persistout streak 
viaibfe for about a minute, becoming curved or terpentine before it dis- 
appowred) the real path dorivablo from the observations hitherto collected has 
not yet been computed from the few exact observations of it which have been 
pretbnned. But of this fireball, and of an equally bright one which appeared 
at about 0** 26“ p.x. on August 36, sufficiently abundant matorials exist to 
enable their real heights and tho true rodiant-pomts or moteor-system h to 
which tiiey must hare belonged to bo satisfactonly ascortalned. As regards 
their brightness and appearance, some observations not con tamed in the 
above lilt are here sqligomed, for which tho Committee is indebted to the 
aerive correspondence and oomjhunioationa of Mr. Denning respecting the 
sermral bri|^t meteors which have been visible m quick succession during 
the past month of August, 

Kaynaham, near Bristol (Mr. H. Marks),—On tho lllh of August (1870) 
I was walhibg along a valley from about 10'" 46“ to 11*^ 16“ p.m* [the time is 
a roog^ approximation], when all at once—I did not notice the star there 
exoeedinglymgfat star shot from about N*E. close to tho horison 
to leavfaig a 1 should say about halfway across tho heaven, 

gradually disappearing, but not entirely gone, I should think, for 6 tnlnutesi 
I)ia star appaSttd about the sin of a ooeoanut, ind caused a grand illumi- 
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nation, 80 much hke summer lightning that a fnend whom I met afterwards 
walking in the opposite direction, and who had not seen the star, asked me if 
I saw the lightning, when I pointod out what it was, and showed him the 
tail A similar one appeared m about 10 minutes, but not quite so bright, 
taking its course from a little nearer north, and stopping a little nearer south 
Both of these stars were larger and brighter than any I over saw before, and 
they increased twofold in size and brightness os they went A sketch is 
annexed showing the courses of the meteors Nos 1 and 2, the first from 
about N E by N to 8 W by S, and the second on a course from about 
N N E to 8 8 W , both tracks extending between points at no very great 
altitude and at nearly equal apparent elevations above the horuon in those 
directions It appears probable that both of these large meteors were Per- 
soids of considerable brightness, of which the first, however (at about 11^ 23", 
as observed olBowhoio), left the most conspicuous and long-endunng ligbt- 
streak on its course 

Meteor of August 15th, 1870, about 9*^ 30“ r u , Bath (Mr W Bush) — 
“ On the above evening I took a seat in my garden at about O** 45“ r M 
at the back of the house, which faces the south-west I had scarcely been 
seated more thau a minute, when I behold an exceedingly brilliant meteor 
of a bliush colour, ha\ ing a very long white tram It was the second largest 
meteor I have over soon It was at first peiceptiblo to me on the eastern 
extremity of Ursa Major, but a little nearer the horizon, I should say at an 
apparent altitude of about 45*^ It travoUod somewhat obliquely downwards 
from north-east to south*west, and it finally disappeared belund some houses 
In its transit, which occupied several seconds, it passed behind a cloud, 
and emerging from thence was again equally brilliant [The duration giv^n 
IB &0 or 30 seconds, but this cannot bo regarded as more than a very rough 
estimation of the real duration of tho meteor's flight The point of Amt 
appearance described is between Arcturua and the toil-stars of Ursa Major, 
which were on its left, or “ eastern extremity ” (practically), in the observer's 
situation facing the south-west ] 

Tho account of this meteoi’s appearance by Lieut H de H Haigh at Penn 
Ilthon, Newtown, m Wales (other particulars of his description being given 
in tho above list), was as follows —** At first it appeared larger, but not much 
more brilliant, than an ordinary sbooting-star but it rapidly clumged ooloor 
from light >e11ow to red, and finally to a dazzling white resembling the 
magnesium light, but far more mtense, at the same time giving off vommes 
of smoke, wluoh trailed behind it like the tail of a oomot Its light about 
the middle of its course was so brilliant that one oonld have read by it ” 

At Pontardawo, Swansea, it is described as the largest meteor ever teen 
m the distnet, falling in the noith, and illuminating the country ^r nule* 
arooad 

At 8t Clear's, near Caormarthen, a splendid meteor, with a light like 
that of daylight, moved rapidly “ eastward,” followed by a tram of most 
bnlliant hues—green, orange, onmson, and violet It lasted for about eight 
seconds Mr J P Norns, at Bristol, wrote —A splendid meteor has this 
moment fallen due west of this house It first appeared m the neighbour* 
hood of Aroturus, then seemed to burst and hrail lig^t of rainbow coloan, 
and was visible nearly to the horizon slanting towards t^ north. Ita 
distance oannot have been great, for we saw it for two thirds of its oourso 
against a dark doud It may Uierefore have fallen in the neighbourhood of 
Clevedon ” 

Tho direction of tho metoor’s motion m those accounts, its long dura* 
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iioB, and the absence of a persistent light-streak on its course, pro\es it 
not to have been a Persoid, and the radiant 'was found by Hr. Denning, from 
ej^er descriptions of its apparent course, to have been in the constellation 
Aquila. A similar optical illusion to that described by Mr, Noms, of the 
fireball appearing to be prG^'ectcd on a background of dark cloud duung a 
part of its course, was noticed by an observer of the largo fireball of Sep¬ 
tember 14th, 1876, at Faringdon, Berks, Mr. W. Dundos, who wntes that tho 
sky above was cloudless; but shortly before I lost sight of it some heavy 
clouds low in the sky (and before and after invisible) were bnghtly displayed 
os it passed them. To me it seemed at the time as if tho meteor passed 
between me and them, and that tho light on them was reflected, not tran8~ 
mttkd,, Of course, if tho meteor was seen also at Bath it could not bo so; 
but it suffered no visible diminution of brilliancy while passing theso 
clouds”*. 

An observer of the same meteor (August 16, 0.30 r m.), at Cirencester, 
desenbes it as very magnificent, “ passing slowly across the north-western 
heavens, about midway between Arcturus and the horizon. Tho colour woa 
a vivid pole groon , it left a greenish wake behind it, and burst with brilliant 
scintillations of whiter light,*' 

II. Laro£ Meteobs. 

1876, June 16, about 8** 6™ or 8** 16® p.m. local time, Suer, and several 
stations on tho (Irand CanaL—In tho * Comptes Rendus,* vol, Ixxxiii p. 28, 
a number of accounts from the station-masters at many places on the Suez 
Canal, from Suez to llouvillo Simsah and llaz-cl-beh, aro reported by M, 
Lesseps of a very large detonating meteor which appeared at the above time. 
At the two latter places no sound of a detonation is described; but the 
meteor was extremely bright, bursting at last hke a rocket, and moving in 
the south-east from west to cast. This was also tho direction of its motion 
at tho midway station £1-Perdan, where its light was dazzling, its dura* 
tion was three seconds, and a detonation followed it like distant thunder. 
Tho detonation was most violent at tho “ dwersotr” where the meteor like a 
mass of white light moved from south to north, apparently approaching, 
and left in the zenith after its disappearance a comot-hko doud of light 
visible for several seconds (a perfectly similar appoaranoe of tho meteor was 
observed at Eameses). Almost immediately after its disappcaranco, a noise 
like that of thunder and detonations, which were for an instant terrifying, 
were heard. At the station of Kabret the meteor, intensely bright and 
lastmg three seconds, was seen to burst like a rocket, and was immediately 
followed by a thunder-bke report. At one of the southernmost stations the 
meteor seemed to fall in the neighbourhood, descending like a fiery dart, 
which hurst at last, and sounds like distant cannons followed two minntes 
after its disappearance. At ,Suez the meteor illuminated the horizon bril¬ 
liantly for a few seconds. 

1870, July 8, about 8** 65® p.m, (local time), Indiana, U.8.—^The following 
letter from Prof. D. Kirkwood appeared in the ‘Now York Tribune' of 
July 19,1876, describing the appearance of a very brilliant fireball in the 
Sfrie of tne^a, U.8., on the above date, leaving a streak of light of unusual 
duration on its track;— 

“ Sir, —A meteor of extraordinary brilUanoy was visible in all parts of 
* ‘ Astronomieal BegUUr ’ for April 1876, Appendix, p. 11 
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Indiana on Saturday ovoning, July 8, aboat five minuioa before ff o’clock. 
Obaervations of the phenomenon hayo been reported from Faoli, Bloomington, 
ludianopolu, Elkhart, and vanoua other points—^the distance apart of tho 
£rst and last-named looaliiies being over 270 miles. Mr. W. Hollings- 
Avorth, of Pnoh, says, ‘ Spectators agree in giving it a path from X.E. to 
N.W., with an altitude of at first 2i)°, and disappearing bolow the horizon. 
One careful observer statos that tho stroak of light following remained visible 
more than 40 minutes of time, and all agroo in ascnbmg a diameter of one 
fourth to one third of a degree ’ At Indianopolis, according to the ‘ Daily 
Journal’ of July 10, tlio meteor appeared 'in the constellation Oossiopeia at 
a x)oint about 26° above the horizon, w'^henco it proceeded in a right line to 
tho north*wost, and passed over an are of about 30°, and vanished m spaoo 
10° above the hovi/on ’ 

“According to the observations at PnoU and Indianopolis, the meteor 
bcoamo visible at un elevation of 130 miles above the eai th’s surfooe. It is 
to be regretted that sufficient data have not been furnished for determining 
its height at disax>pcarunoe, the length of its visible track, and the oocentnoity 
of its orbit.” 


Ill Pertodic Stak-Showers, 1876-70. 


With the oxcex)tion of tho annual reappearances of tho Porscids, there have 
been no marked occurrences of periodic star-showers dnnng tho past year. 
Tlie few partioulaia relating to them which have boon received will bo 
dosoribod below ; and the following deUUs refer chiefly to tho display of 
Porscids m 1876 observed on tho continent, accounts of which in England, 
as described in tho last Iteport, were obtained at a few stations only, owing 
to the stormy weather that prevailed on the principal periodic nights. 


Siar-Showet ofAiiyust 9^A-11 thy 1876: Ohaervatiom by the French Scientijtc 
ABBOciation (‘ CompteS Rendus,’ vol Ixxxi p. 439, September 0tb, 1876).— 
Report on tho shower m Switzerland and ebewhere, by Dr, 0. Wolf, of 
Ziirioh. At Rochefort, Messrs. Simon apd Courbobalsse counted, on tho average 
of the whole time of their combined watch during the night of the 10th of 
August, 183 meteors xier hour. At Avignon 868 meteors were mapped in the 
samo night between the hours of 8.36 p.k. and 8^ 40" A.ii. by M. Giraud, 
assbted by several observers. At Lisbon, M. Capello noted at the Observa¬ 
tory of' rinfont Don Louis ’ what appeared to be a maximum reappearance 
of the shower, 1227 meteors being counted during the watch on the night 
of August 10th. Dotaib of the shower and of the radiant-points disUn- 
^ehed in it were abo received from M. Tisserand at Toulouse and from the 
Observatory at Marseilles, 

Prof. Tacchini obtained at Palermo a number of distinct centres of radia¬ 
tion o! the shower, of which the following is a list; and he remarks that all 
these definite centres, when projected on a map, are indludad, ai( has 
already formerly observed, in a narrow elongated area, 


. 1876 

Aug. 0th. 




+646 


I 44 
144 


3 +fl0 6 
+61'3 


Aug. 

10th 


4§a -fs^o 
410 

41-7 +646 


is 


427 

46*1 


+61-3 

+»0 


af“ 


1 4fo +<So 
900 4-66 9 
417 

44? +610 




Aui 

11 ' 


Average of all the Sbora sabrAdlsnl positions 49^ 72, +66^*21. 
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At Dijon radiant-positions were also observed by Abb4 Lamey, who noted 
tho mean place of the principal radiant for all the nights at It. A. 37^, N. 
Deol. 46° (A), and recorded also the following general centres of showers 
which appeared to accompany the display •—at E.A, 320'^*4,8. Decl. (B), 

and R.A. 331°, DccL 0'=‘. 

At Bordeaux, 31. Lespiault noticed the existence of several secondary 
radiant-points m or near the oonstcUaiion Cassiopeia. 

Notes of an abundant shower wore also received from Rouen, Sam to 
Honoiino du Pay, and from Courtenay, where M. Corun obsorvod a remark¬ 
able light-cloud, or band of light, stretching with blunted terminations to 
a full length of 120°, and moving eastward, which be oonjeoturos may have 
jiad some connexion with tho display. 

In addition to these observations ooUcoted and published in France under 
M. Le Yemer's superintendence, M. Ernest Quetelet communicated to tho 
Belgian Academy of Sciences an account of the August meteor observations 
piade at the Royal Observatory at Brussels, and tho following numbers of 
meteors were observed;— 


AiigUtot 0 th, Aiiguat lOtb, 

lO**-! 4 j"' 
(much cirrus) (some cloudu) (qmte clear) 

Ko of meteors 10 31 39 

soon. (3 observors) (3 obeorvers) 


Augllrtt 11 th, 
O'* 50® 10*» 5ir 
(clear) 


04 

(2 observers) 


Po. m order of 1 
brightQeit(de- I 

ac«Qding from J* 3,5, 7, 1, 0, 0. 

litieBtnmag-1 

nitode). 


13 , 17 , 34 , 15 , 8 , 0 . 


Totals ...... 18 , 28 , 51 , 24 , 15,1 


2. 3, 10, 8, 7, 1. 


The largest meteor of the shower, at ll'* 16® (Brussels time), on tho 10th, ex¬ 
ceeded Jupiter in bnghtness, and left a persistent streak visible for 20 seconds, 
which disappeared without presenting any indications of rapid currents ia the 
upper atmosphere. Although a pretfy bright display, this annual return of 
August meteors was yot not so remarkable as to distinguish it as an oxcop- 
tionaUy great rea^earance of the shower. 

At Cheadle, in England t, a very similar view of tho shower, confirming 
its marked but not very extraordinary intensity, was obtained by Mr. G. T. 
Byves, whose observations of tho Perseids in 1871, communicated to the 
Oonmiittee by Mr Symons, as follows, must have enabled him to make a fair 
oomparisoQ between the abundance of the meteors seen on this and on that 
earlier occasion .—“ Took up a station at the top of the Wrekin with a party 
of frimids for the purpose of observing the periodic display of meteors, 
Aug. IBth, 1871. Counted about 70 between 9^ 80" and 11** 30" p jc., nearly 
idl u the nei^bourhood of the oonsteliations of Perseus and Oephens; none 
vew remarkable. A larger number seen on our way homo from 11^ 30“ p.ir. 
to ^ 15" A .K., and of larger size, but not counted. One very brilliant one [see 
the fireball-list in this Report], about 0** 33“ a.x., lighting up the country.'* 


SaUatias dt VAosd. B. dss Soisnpss de Belgique, 2° sSria, tome 89,1876. 
*Astnmomioal Begifter/ 1875, p 22SI BTaAsi.—THe position of the radiant-point 
\ Perseids in 1874 assigned by Hr. W. F. Denning at Bristol, in the ' Astronotnioal 
ter' of fiept 1874, ** iMwteeQ B, 0 Camelopard and x Persef, at EjL. 8* fW®, D. 

BT.." WM at &A 68°'6i aot^ m ipimrinted m thees Beport# (for 1876, 

18\ 3kA. Ste®, N. D4eL 58®-5. ^ 




152 


BBPORT —1876. 


October^ I^ovemh^r, aTid December StarShowei Sy 1875—Of the annual 
meteor showers in October and December no observations have been received 
Iho state ot the sky was unfavourable for continued observations on the 
periodic dates, and in the intervals of cloudless hours devoted at some sta- 
tions to a watch the preparations for recording the Onomds and Geminids 
111 1875 woie unaucccsstul, these showers being apparently absent on tho 
expected dates At fetonyhurst Observatory a motoor-watch was kept on the 
mornings of November 12th and 15th, and also at tho Rojal Observatory, 
Greenwich, on the latter morning, with favourable conditions of the sky, but 
m bright moonlight* In or d hours before daybreak on the first 
morning eight meteors wire mapped at Stonyhurst College, two or three of 
which wore Leonids, three Tuunds, and the rest apparently sporadic 
Twentj four meteors at Stonyhurst and twentj six meteors at Greenwich 
were mapped in 3^ or 4 hours of generally clear sky on the morning of the 
15th, of which ten or twelve meteors noted at each place were Lcomds, and 
the rest were either iaunds or were directed from less certainly determined 
radiant-pomtfl On tho intervening mornings of tho 13th and 14th tho sky 
was either wholly or almost entirely overcast 

The Geminids of December 11-13, 1875, wore watched for in England 
without success on account of cloudy skies, and equally unfavourable con¬ 
ditions prevented any satisfactory obscivations of tho meteors of tho l8t-2nd 
of January 1876, from being made But tbo night of January 1st proving 
deal at Sunderland, Mr Backhouse saw two meteors, nnconfonnablo, on that 
evening, in a few mmutos’ watch, and towards five o clock on tho morning of 
the 2nd of January two otliois in 15 minutes, which were oonformable to the 
radiant-point of tho annual shower On tho following morning also, at about 
2*" A M , Mr Backhouse noted ono meteor only in a watch of 23 minutes, 
when tho sky, which had been overcast before, deared partially, and it was 
conformable to tho rodiant-point of the shower 

Ihe following notice of some ehootmg-stars seen by the expedition under 
Captain Parry m the Arctic seas occurs m the narrative of his third voyage 
(p 64), relating the events of the winter at Port Bowen in the year 1824, 
and it appears to indicate an appearance of the Geminids with considerable 
brightness m December of that year, but tho description mdudes meteors 
from other radiants as well as a particularly bright ono directed exactly 
from tho radiant in Gemini of the annual shower The changes of the 
weather which accompanied those appearances being regarded by Captain 
Parry as in some intimate manner connected with the appantion of the 
meteors, are desonbed m ihll detail, but except to observe that the meteors 
seen appear to hare been as exceptionally ranarkable as the sudden changes 
of tho weather with which they were presumed to be associated, tho notable 
featores of the wind and weather which are stated in the ongmal account to 
have occompamod them need not here be reproduced at length, but only 
the passages of the narrative may be transenb^ in which tho apparent patbui 
and appearances of the meteors seen were recorded with careful accuracy and 
completeneas Tho particulars of a few meteors thus successfully preserved 
will doubtless be held by navigators and explorers as offering them a use¬ 
ful example for repeating wherever practicable, and making known in 
future to the best of their information, such hi^ly valuable observatione. 

The meteors called Mling stars were much more frequent during this 
winter than we ever before saw them, and parhoulorly dunng the month. 

* ' Mtothly Notiooi of the Astronomical Society,* toL xxtri pp 83 and 272 (December 
187B and Mweb 1876) ^ 
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of December [1824]. Oa the 8th, at p.k., a large and pretty brilliant 
meteor of this kind fell in tho S.S.W. On the following day, between 
4** and 5^ pm., another, very bnlhant, was observed m tho N , falling from 
an altitude of about 35® till lost behind tho land. On the 12th no less 
than 5 meteors of this kind were observed in a (juarter of an hour, . . 

tho account furnished me by Mr. lioss, who with Mr Bell obseivod the 

phenomena [.was] as follows —At 11** 15“* my attention was 

directed by Mr, Bell to some meteors which ho had observed, and in less 
than a quarter of an hour five were seen The two first, noticed only by 
Mr. Bell, fell m quick succession, probably not more than two minutes apart, 
tho third appeared about eight minutes after these, and exceeded in bril¬ 
liancy any of the surrounding stars. It took a direction from near ft Taun, 
and passing slowly towards the Pleiades left behind it sparks like the tail of 
a rocket, these being visible for a few seconds after tho meteor appeared to 
burst, which it did close to tho Pleiades [the direction of this meteor is 
exactly from the radiant-point r (lominorum, close behind it, of tho Geminids 
of December 12thJ Tho fourth meteor made its appearance very near the 
same place os tho lost, and about 5™ after it Taking tho course of those seen 
by Mr. Bell, it passed to tho eastward, and disappeared halfway between 
ft Taun find Gemini. The fifth of these meteors was seen to tho eastward, 
passing through a space of about 5^ from north to south, parallel to the 
horixon, and moving along the upper part of tho cloud ha^e which still 
extended to tho altitude of 5° or 6^. It was more dim than the rest, and of 
a red colour hko Aldebaran. The third of these meteors was the only one 
that left a tail behind it as above desonbed. There was a faint appearance 
of aurora to the westward, near the horizon [With tho exception of the 
third of these five meteors, the radiants from which they wore directed are 
undetermined, and appear to have had no connexion with that of the annual 
meteor-shower in Gemini ] 

Th4 April Meteors tn 1870.—No intimations of the appoaramo of tho 
Lyraids on the nights of April 18th-'20th, 1876, have reached the Committee, 
probably owing to the very unfavourable weather for observatiou which pre¬ 
vailed. This year being a leap-year, the occurrence of tho shower might bo 
expected to be a day earlier than on ordinary years (April 19th-20tb) ; and 
the following letter in ‘ Nature' (vol. xiv. p. 26) firom Professor Kirkwood, 
of Bloomington, Ind., probably desonbes a considerable appantion of these 
meteors in the United States on tho expected meteonc date. 

“Between 10 and 12 o'clock on tho mght of April 18th, Mr. W. L. 
Taylor, a membor of the Junior Class in tho State University, with several 
other gentlemen, observed an unusual number of shooting-stars These 
gentiemon were returning in an open waggon from DUetsvdlo, eight miles 
north of Bloomington. No count was kept of the number of meteors observed, 
but the appearance was so frequent as to attract tho attention of all the com¬ 
pany. Mr. Taylor thinks the number nohoed cannot have been less than 
twelve or fifteen. From the doscnptiona given of the meteor-tracks, I find 
that they were nearly conformable to tho radiant of the Lyraids. The 
meteors were remarkably brilliant, apparently equal to stars of tho first or 
second magnitude. At my request, Mr. Benjamin Vail, a student of the Uni¬ 
versity, mode observationB on the nights of tho 19th and 20th of ApriL 
Both nights were so cloudy, however, that a continuous watch would have 
been useless. About 11 o’clock on the night of the 19th three meteors 
were seen in the north-west, where the sky at tho time was partially clear.” 

The August Meteors in 1876.—A large list of observations of the Perseida, 
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in 1876, htA been oonimunicated to the Committee by observers at Birming¬ 
ham, Bnstol, Buntingford (Herts), Hawkhurst (Kent), Btinderland, and York; 
and the past year’s list of meteor observations at the Badcliffe Observatory, 
Oxford, oontems very numerous observations on the meteors of the shower. 
The stato of the sky was generally very favourable for observations (although 
the moon bad pass^ its first quarter during the second week in August), and 
the number of observations la rather Ssci ibable to this cause than to any 
great intensity of the shower which was observed. The maximum hourly 
frequency of the meteors noted by one observer at any tiipe during the watoh 
soaroely exceeded twentj -five or thirty meteors per hour, of which flvo or six 
were unoonfonnablo and the rost Perseids, and the latter were not oon- 
ipiouous iu bnghtnoss or in leaving very persistent streaks. A few large 
Perseids were recorded, details of the bHghtest of which (on the 11th at 
11*^ 22“, and on the 13th ut 0** 2?") are included m the descriptions of 
large meteors given m the foregoing list. The maximum frequency of the 
meteors took place during the night of the 10th to 11th of August, when 
one observer might eount from 25 to 30 Perseids in an hour; hut the number 
visible on the nights of the 0th and 11th wero much less than this, and not 
more than 15 or 20 Perseids could be noiod in the same time. Their radia¬ 
tion was in general aocurate, and the centre of divergence of the recorded 
paths was not far from tho usual position of the radiant-point of the shower 
near if Persei. Tho number of uuoonformable meteors visible during tho 
period of the annual watch was about 6 or 8 per hour, and more then 60 of 
their paths were mapped. Tho radiant-points which they indicate are very 
numerous, their traol^ belonging, with very little apparent ascendancy of 
any particular shower, to almost aJl those known to be m activity during tiio 
time of oonhnuanoe of the August shower. Several aocordancos of meteors 
simultaneously observed at distent places, besides those of laige meteors above 
mentioned, are contained m tho observations; and of thw and of other points 
of 8]^ial interest in the several desenphons tho Committee trust to com¬ 
municate the details, and an account of the results of a complete disoussipn 
whiph they are at present undergoing, in another year’s Beport. 

The annexed extract from the * English Mechanic ’ of September 8,1876, 
oooteins, besides some observations on the shower, a notice of a large Perseid 
of which some other exact observations are desenbed (at p. 184) in the general 
fireball list of this Beport;— 

*^Auguit Met€o/*8 .—The following note of the August meteors as seen from 
this place may interest some of your readers. On the night of the 
between 9*" 15® and 15“, 134 were observed. Of those seen before mid¬ 
night the greater portion appeared to have a radiant-poiut in CassiopeUi but 
thoM seen afterwards came mm the cluster x Persei. The numbers pbseryed 
during this month are as follows;— 

Dste, 1676. August. Otfa, lOtb, lltfa, 12th, Iflth, 27tli, 

Meicpri observed. 21 134 25 6 )S 12 

One of the meteors seep on the iSth deserves spiral mention. It appeared 
at gbout 0^ 27*, as nearly as I could jud^, in semidaiknoss, moving ip a line 
Ppxs^ V Pereeif and passing with a rapid motion aoross a small star distent 
(miputes of arcT vertloally over i Ursm Maoris. It was as bright 
as yenps, an^ it left a Wl 4 or 6 seconds.— J, Polkestone,’^ 
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Oatahgue9 and Oeneral Oompdrativs Liiis of Metoor^Showsn, 

As tho scattered lists of meteor radiant-points, or general centres of direr- 
genoo of shooting-sf^rs, on ordinary nights of tho year are at present, from 
the dispersed matenols and limited accessibility of such oataloguos, most unser¬ 
viceable for tho use of obsorvers, the attempt which has during the past year 
been made byMr.Gre^ to present a oaroftiUy condensed and revised collection 
of all such observations m a single comprehensive list will bo recognised by 
assiduous recorders of shooting-stars as Wording them an invaluable fund of 
useful information on the previously ascertainod positions of all the best 
known and host determined radiant-points of such probably distinct showers 
or meteor-systems as they may meet with in their observations. With a 
view to grouping now observations of the places and durations of shower-apioes 
under the hest-established average dates and directions of the hitherto known 
ooatres of divergonce of ordinary shooting-stars, Mr. Grog compiled last yetf 
a valuable condensed list of moteor-sbowers from all the published oataloguos 
and observations acoossible to him, including all the older and all the most 
recently recorded showers of the northern or sonthem hemispheres visible i^ 
the latitude of Greenwich. A single chart illustrating the Ust was at 
tho same time drawn by Mr. Grog, and it was the intention of the Oom-^ 
mittee to have printed and issuod this catalogue and map, together with 
on introduction containing directions for their use, in the form of a separate 
pamphlet during tho past year to assist obsorvers; but the additional 
matter sought to be included with it in the pamphlet being yet unfimshed, 
and the necessity felt by observers for a full and correct list of the known 
average centres of radiation of ordinary shooting^stars being one of the 
most urgent and important of the requirements which it has b^n the object 
of the Committee during the past year to supply, the course which it has 
appeared to them most desirable to adopt (the first stage of the projected 
compilation having thus far been completed) is to present Mr, Greg’s Cata*- 
logue and Map (which hero follow) in this Report, os a usefiil companion 
to observers for reference and guidance in recording appearances of meteor- 
showers, Tho reference-numbers of the list ooinoido with those of Mr. Greg’s 
earUer list (oontoinod in the yolume for 1874 of those Reports), with some 
rearrangements and with considerable additions (from the last No., 187, of 
tho earber list ♦) to embrace now showers. By consulting the earlier list, 
references more or less complete will be found to all the original observations 
of these meteor-showers; and with the assistance of the key-map a ready 
and oonvenlont, and for tho most part perfect, means U ^us aflForaed of de« 
termining the degree of importanoe or the possible distinctness of a newly 
obseirved meteor radiant-point from any previously known observations of 
meteor-ihowcn resembling it which may already have been dsewhere 
recorded. 

* In tbs nsw ttitriet some nunihert tsmporarilr ssiignsd last year (thesa Rsports for 
1870; p. 228) to new showers there for the first time pointed out are not aniformly 
adhered to in the following U«t^ which is condensed and extended througboot, olreotly 
fsosl the last similar comets comparative list of the year 1874. 
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IV. AfiHOLITEfl, 

Several falls of meteorites (one of them of much importance) have recently 
occurred, detailed aocouiita of which, and of recent researches on derolitos 
and on aerolitio meteors, have been collected during the past year by Dr, 
Plight, and form in this Api^ndix (see Fart II.) a continuation of the similar 
abstracts contained in last year’s Bepoit. 


Part T .—A Revietv of recent Stonefalts ami of Pupeii'^ relating to MeteoriUi* 

By A. 8 Hfrsciiel. 

The following falls of meteorites have been placed on record since the date 
of the lost of those which were there described.— 

A n. 1814, — — Ourramconda, near Cliittoor, North Arcot, Madras, 

India. 

„ 1876, Sept 14, 4** p.m. Supino, ciro. Frosinono, Italy. 

,, 1870, Apr. 20, 3*^ 40"* p.m, Rowton, near Wellington, Salop, England 
(Ironfall). 

„ 1870, Juno 28, lP-12** a.m. Stalldaleu, Dalecarlia, Sweden. (See ac¬ 
count of this aerolite at the end of this Appendix.) 

The following descriptions ha\o also boon given of meteoric appearances, 
presumably ac rob tic, of which no further corroborations have hitherto been 
received. 

1876, Feb 10th, Isle d’Olerou, and March 9th, Orleans, France. (See 
these Reports, vol. for 1875, p. 206) In the French weekly scientific 
journal ‘ Lea Mondos,^ vol. xxxvi. p. 458 (March 25th, 1875), those moioors 
are desonbed as falb of aerolites. It appears probable from this description 
that they were detonating firebalb; but of this, and of their possible aerolitio 
characters, no other evidence has been produced of which the Committee has 
yet received intelligence. 

The following notice of largo meteors soon in America in December and 
January last, by Mr. C. W. Insh, of Iowa City, U.S., although affirming them 
to have both been of the detonating class, does not distinctly pronounce them 
to have been accompanied by falb of aerolites ; but one at least of these fire¬ 
balb produced a very loud explosion. ** In the last week (the 27th) of 
December, 1875, at 9^ p k , and aboin the first week of January, 1870, l^e 
meteors traversed the air near the south boundary of thb (Ipwa) State. One 
passed near Ringold Co., south-easterly ; the other passed over St. Joseph, in 
the State of Missouri, travelling oastivards; and both came to the earth, I 
think, very brilliant and noisy. It is stated, in the ‘Kansas Chief’ of 
Dooombor 30th, tliat after a lajiso of 2 minutes after the disappearanoe of 
the meteor of the 27tb, a sound like the discharge of a heavy cannon was 
heard, or rather one loud explosion followed by a lighter one. It jarred houses 
and rattled windows.” 

From the ‘ Scientific American ’ of August 12th, 1870 (p. 98), Mr. Wood 
oommunicates the following apparently authentic record of a reoent fall of an 
aiK lite in Kentucky, U.S., no meteor, hoWover, being described, and no other 
detflib of the occurrence having yet bwn received;—“ The Loxdsville • Courier 
Journal' states that on July 18&(1870), at 4^ A.ir,, Mr.White, watchman of the 
Whitcfprd engine-house, whilst on duty, was startled by a loud rerwrt, hke 
that of a pbtol, and instantly following some heavy suhitanoe fell into the 
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afreet a few feet distant Mr White searched, and found imbedded m tho 
ground a stone of the appearance of dark flint, weighing about two pounds 
The stone was broken to pieces, and examined dunng the daj by several 
scientific gentlemen, who pronounced it genuine motconc substance Tho 
probable solution is that the explosion occurred at a greater distance than was 
supposed, and that this was but a small fragment of a large aerolite ’ 

lo the many valuable cs 8 a 3 s on tho physical characters of aerolites with 
which Professor Maskelyno has from time to timo enlarged the extent of our 
knowledge of tho real nature of these bodies, and to tho unremitting /cal ith 
which he has collected m tho British Museum a series of authentic spcciincns 
ol meteorites not excelled in any other national mincralogical collection, wo 
ow e many of tho most interesting discoveries and concluBions of sciontiflo 
hnportance regarding the probable history of nieteontes which have been 
arrived at m recent jears Homo outline of the progress that has been 
made in these investigations was given in tho concluding paiagraphs of last 
year’s Report but a very valuable summary of the existing state of know¬ 
ledge on the composition, structure and piobable history ot metcontes has 
appeared in a senes of papers* published dimng the post joai by Piofessor 
Maskelyno, entitled “ tytime Lecture Notes on Moteontes to which, as they 
contain a most instniotivo review of the many points of information accu-t 
mulatcd dunng a prolonged penod of successful and diligent research, the 
Committee has especial satisfaction (while noticing in this Report the pnn^ 
cipal contnbutions to nirolitic science dunng the past >Cftr, notable additions 
to which wcio made in our own countr}) m being able to refer Ihese 
usefiil Lecture Notes contain m a few condensed and rcadil} accessible pages 
tho mature results of almost numberless scattered treatises and memoirs, 
and besides the certain basis of instniction which they offer cn tho ordinary 
features of composition, structure, and typical characters of metcontes, and 
of the circumstances which attend their fall, a store ol useful hints andgonni 
of future theones are thrown out regarding the extra-ton estnol conditions of 
rock-formation on distant astronomical bodies from which these strange frag¬ 
ments are denved In connexion with tho discovenes (and especially with 
the views advanced by Mr Lookyer to explain them) of the speotroscopo 
regarding the selective arrangement end definite elevations of certain ele¬ 
ments forming the ordinary ingredients of terrestnal rooks in tho outer layers 
of the tun’s atmosphere, the low degree of oxidation which uivanably cha- 
ractcnxee the constituent minerals of meteorites appears, among the coiyoc- 
tnros to which l^rofessor Maskelyno draws attention, no longer to be a singular 
peculianty of the parent bodies bom which thej were projected, but a condition 
of their surfaces which oorreeponda exactly with the common assumption of 
their small dimensions, nsnally regarded as a necessary supposition to account 
for the projection and Iiberakon of aerolites from the attraction of those 
distant spheres by forces of ordinary eruptive violence Such views of the 
arrangement and concentration of the elements by gravity in condensing coa** 
mioal masses, tending, in the order of superposition of their densities, to eli¬ 
minate as mnob oxygen and other hght-atomed elements as they oontam 
towards the Burfaces, if, as appears very probable, they should soon bo con¬ 
firmed hy a more perfectly discnmmating scrutiny of tho sun’s atmosphere 
with the ipeotrosoope,willhnk together more closely than before the evidence 
which the spectroscope affords, and which baa independently been gathered 


♦ ' Nsturs,’ vot itt pp 485,504, 520 (September 30 and October 7 14 1875) 
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a minute examination of meteontee, that the materialf and the laws 
of aggregation of the elementary Bubetanooe oonetituting the largest and the 
smallest suns and planets are ossontially the same, only dialing very strikingly 
each other in their soalo. Conditions which we notice on the 'Sun and 
on our own globe wo may regard as having in all probability onco presided 
over the process of condensation of every planet from a state of vapour, and 
as having notably collected on the surfaces of the small meteorite-yielding 
planetoids, in exact proportion to their size, loss oxygen than we find existing 
on the suifaco of the cai th. Passing over many valuable pages of desenptivd 
matter in tbo * Notes/ containing exact accounts and appropriate disoussionB 
of many new as well as formerly narrated partioulars and observations, it 
should be slated that the explanation given in one of the paragraphs 
of tho first article in * Nature * (loco sup» eit p, 487) of the characteristic 
mttings of the surfaces of moteono stones and irons, supposing them to arise 
horn exfoliation of pieces of tho stone or iron by the sudden expansion of tho 
material produced by heat, is sot aside lu a later paper by Professor Maskelyne 
in flavour of a far more natural and more probable hypothosiSi the leading 
points of which will bo presently described. 

The meteono fall of the greatest interest during the post \ ear was that of 
an adrosiderito, or piece of metallic iron, which foil in Hhropshire, eight or ten 
miles north of tho Wrokin, on the 20th of April, 1876. llain was falling 
heavily, unacoompaniod by lightning or thunder, and tho sky was thickly 
overcast for some time before and after the hour, 3*" 40® p.jc., when tho event 
took place. At that time a strange rumbling noise was heard, followed by a 
startling explosion like a discharge of heavy artillery, audible over an area 
several miles iii bxteut among tho neighbouring villages of Shropshire. The 
meteorite was found about an hour after this occurrence by the tenant of a 
grass field, near tho town of Wellington, Mr. Brooks, who had occasion to 
rieit tho spot, and observing tho ground to have been disturbed, probed the 
hole which the motoonte had ma^, and discovered it at a depth of 18 Inches 
below the surface. Borne men at work at no great distance had hoard the 
noise of its descent, but without being able to indicate tho exact place or its 
direction. The hole was nearly perpondioular, the meteorite having entered 
the ground almost vertically in a north-west to south-easterly direction, and 
when found it was still quite warm. It weighs 7| lbs , and is a mass of 
metallio iron irregularly angular, although all its edges appear to have been 
rounded by fusion in its transit through the air, and, except at the point 
where it first struck the ground, it is covered with a thin blact pellicle of the 
magnetio oxide of iron. Tho surface is somewhat pitted or marked wiUi 
•light depressions, one of which occurring in a fissure of the mass affords some 
instruotivs evidence of the causes of thoir formation. The exposed xnetalHo 
part of the surface exhibits crystalline structure very clearly when it is etched. 
The meteorite was first exhibited pubbely at a local baiaar, held In Woivw- 
hampton, and afterwards at a meeting or the Natural History Booloty of iBir^ 
min^am, by whose representations to ths agent of the D«ie of Cleveland, 
and by th© Duke's consent, in whose property it fell, it was presented to the 
Bw^sh Museum. It is only the seventh agrosidento, or meteoric iron, of 
vAtmh the fall has been witnessed*, although upward of a hundred hon 
masses have been discovered in diflln^t pai^ of the globe, idiioh are 

* For a list of the earlier known examples of such ironfalls, see these Reports (vol. 
forl876,p.246). 
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doubtedly meteono, and two such have been found in Groat Britain The 
falls of eight stony meteorites have been recorded m this country, of which 
the last happened at Killeter, in Ireland, on the 29th ot April, 1844 A 
Section of the llowton sidtnte for analysis will shortly be made, and the 
foregoing description ot the meteorite, and of the circurastanoos attending 
its fail, are extracted from an account of the occurronoo of the ucrosideiitc by 
Professor Maskelyne, m ‘ Nature’ of July 27th, 1876 (vol xiv p 472) 
Bogarding tho ongm of the remarkable pit tings of the surfaces of aerolites 
and oerosidentcs, on opinion was lately expressed and advocated by Daubree 
that in their flight tliroiigh the air they undergo erosion and excavation by joint 
oifeots of fusion and combustion, assisted mainly by air vortices attacking most 
violently cortaiii portions of their surface An important paper on this sulnect, 
by ProfosBor Maskelj ne, was pubhsbed more recently in the ‘ Philosophical 
Maga^sine ’ of August 1870 It is tiuo that pittings identical in appearance 
with those of meteorites are found on tho surfaces of certain large grains of 
powder blown unconsumod from tho mouths of the largo modem rifled 
ordnance (excellent specimens of this kind received from Professor Abel 
and Major Noblo having been shown by Professor Maskelyne to Mr* 
Daubrdo in the summer of 1875) but two important grounds for exception, 
in regard to this explanation, oro pointed out by Professor Maskeljno, 
which must not bo overlooked Tho closest examination of tho molten 
glaze with which, like other parte of thoir surfaces, tho pittiiigs or depres- 
Bions of meteor] to are coated over, shows no indications of vorticose action 
of the air, although stream-huos of the glaze fiom hont to roar aie ot 
frequent and conspicuous occurrence Tho process of atmospheric combina¬ 
tion, or combustion, is also rare, if not entirely absent, during the period of 
most intense operation of the heat, as is shown by particles of metalhc iron 
which are occasionally found imbedded in tho glaze, and even b> oases 
where tho highly oxidi/ablo mineral Oldhamite (calcium sulphide), occurnng 
m spherules in the Busteo meteonto, is glazed over equally with the Augitc, 
Without oflTering any signs of combustion or of tho production of cavities 
where they are exposed On the other hand, the readier fusibility of some 
constituent minerals of moteontes appears to determmo the formation of 
depressions of the surface where they present themselves and among the 
magnesian sihoatcs which form tho principal materials of stony meteonto, it 
appears that tho more fciruginous varieties are somewhat more fusible than 
the more purely magnoaiferous silicates, which, with minor assemblages of 
other minorals, enter, in vciy various projiortions, into the composition 
of the stony masses of oerohtes If tho entire process of surface-molting 
and abstraction which meteonto undergo is thus correctly represented, tho 
question of tho amount of fracture and division into separate parts which they 
may sufler by their collision with the atmosphti o is one which is yet undecided, 
and many difficulties besot tho inquiry if motcoiitos are single bodies or if, 
at numerous examples apperfr to testify, they sometimes enter the atmo¬ 
sphere m swarms An important dissertation on this question by F Itobr 
wpw^ddunrg the past year in Liebig’s ‘ Annalen’t > and a pa^r by Von 
I^hermak (of which a bnof abstract was presented in last years Report), 
6n the same subject of the probable origin and of tbo original forms of 
oerOliUt, it now translated in actmuQ in the Supplementary No. tor June 
1879 of tho * Philosophical Magasino/ 

^ ' Oompto RettAust* XmX 2itb, 1870 

t Vol pp 267-^ 
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Part II.— Accounts of Aerolites and Aerohlte Meteors, and Abstracts of 
recent Kesearches on them. By W. Plioht. 

/ 

1875* Pebruaiy 12thj 10.30 r.ai. (Chicago time).—Iowa Co., State of Iowa*. 

The concluaious arrived at hy Wright, on examining the gases oocludevl by 
the iron of these moteontes, have been referred to m the Iteport (BA) for 
1875, p. 240. Ho cousidcrcd that the stony meteontos wore distinguished 
from the iron ones bj having the oxides of carbon, chiefl} the dioxide, as 
their charactcnstio gasca uibtcad of hjdrogcn. This theory has been called 
m question b} Mallet, who refers to his oxainination of the gases of the iron 
of Augusta Co., Virginia, where the ratio of the oxides of carbon to hydrogen 
is 4 • 3, and to his having pointed out in 1872 that hydrogen could no longer 
bo rogardefl as the characteristic gaseous ingredient of meteoric iron. In hia 
paper of that date he stated that although it might be assumed that carbonio 
oxido would be the original form in which tho gaseous carbon-compounds 
existed m tho iron, and that it broke up at tho temperature of tho experiment 
into carbon retained by tho iron and into carbonic acid, yet in view of Iho 
steady decrease of the quantity of the latter gas which was evolved as tho 
exponment proceeded, it seems more likely that a larger amount of carbon 
onginally existed in tho higher state of oxidation. Afallet considers that, 
when all tho tircumstnnccs of iho cvperiment are considered in each case, 
Wright’s conclusion cannot be sustained. 

Jn Q paper dated so mo months later, Wright replies to Mallet's criticism. 
Ho states that he only meant tins expression of opinion to bo tentative, but 
that the results of further work completely justify tho conclusion at which 
he had arrived. Ho has re-examined the gases of tho iron of this moteorito, 
and examined those of the iron of some other stony metoontes, such as Ohio, 
rultusk, Pamallco, and Weston, and finds that not only do tho stony mete¬ 
orites give off a much larger volume of gas at low temperatures, but tho 
composition of tho gas in all the cases studied is quite different from that 
evolved from ra'oteonc iron. In no ease among tho results obtained with tho 
alloy is the amount of carbonic acid greater than 20 per cent, at 600®, nor 
than 15 per cent, of tho whole quantity evolved, while in every case but 
one the volume of carbonic oxide is considerably larger. In the chondritio 
meteorites, on the other hand, tho percentage of the latter gas is conspicuously 
small, while the carbonic acid constitutes more than half the total gas evolved 
below a red heat, except m the case of the meteorite under consideration 
which fell at Iowa, and hero the percentage is not much less, especially if wo 
reject the numbers representing the amount obtained by a second and long- 
continnod application of a red heat. At a temperature of about 360® it 
constitutes from 80 to 90 per cent, of tho gaseous products, and at 90® it 
forms more than 90 per cent, of the gns evolved. Tho hjdrogen, on the 
other hand, progrcsaively increases in quantity with tho rise of temperaturo, 
and is the most important constituent of the first portions removed at a red 
heat. The form in which the oarbonio acid is occluded it a problem which 
he cannot at present solve. That it is actually absorbed appears to bo certain. 

W. Mallet, *Amer. Joum. So.* 1875, vol. x. p. 200; N . R. Leonard, ib. voL x. 
p. 357 ; A W. Wright, ‘ Amer Journ So.* 1876, vol. xi, p. 253 ; " An Aoooont of the 
Detonating Meteor of Fobriury 12, 1875,” by 0. W Irish, Iowa Oi^, 1875, Daily Prees 
Job Printing Office, Dubuque Street, M. DeUfontaine, Biblioih^que Univenel^’ October 
1875, p. 180; a A Daiibr^e, < LTnatiUit/ 1875 (No# 105-122), p, 138, 0, W. OttinbeL 
* Sitiongiher. At Wiu. Munebon/ W5, vol. r. p. 813. 
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Hi at it has been talkCn up from the atmosphere has boon proposed He finds, 
however, that the iron ot the Iowa moteonto contains no more carbonic acid 
now thau it did at the time ol its fall 

J oonard gives a detailed a( count ot the appe irnuco pres ntod hy tho moteoi „ 
which IS stitid to halo boon stui thioughout a rogioa tOO miles trom S \V 
to N L , and 2^)0 miks iii breadth the stoms ^ iry in weight from a U\v 
ounces to 74 lbs and the aggiogato weight is 500 lbs the aua over wh eh 
they were scattered nppe us to Ik. 7 miles m length and 4 miles at its gioatcst 
breadth A j^lan of the townships m<hided in this ana is given in Tjoonards 
pajior, and it shows where tho chid stones fill By reason of the frozen 
condition of the gnuiid at tho time of the fall, and the low angle of doscuit it 
appears probible that almost all the frEigmcnts which fell have been aocurod 
Tho velocity of tho inotcor li is not been satisfactonlj determined it nppeais 
probable that during tho last 60 or 70 miles of its course it t^a^ oiled at tho 
rate of trom 6 to 7 miles jior second 

An interesting pnmjihlot by Mr Insli C V deals with tho appearance 
presented hy tho meteor Ho has incorpor itcd in his paper a number c f 
loiters received from obseners stationed over a wide area, describing their 
impressions ns to its altitude aelocit\ and nppo ii u cc and ho has given a 
drawing of tho meteor and piepared i map ot tho district shoiviiig tho pro¬ 
jection of its path through tho air I Icaiii by a recent letter from Mr Irish 
that two blocks one weighing 72 lbs , tho othei ts lbs , which evidently 
formed one and tho same mass which was disrupted d irmg the descent has o 
since been found and tho aggregate weight ol tho stones now colltcted cannot 
bo less than 700 lbs I am also indebted to Mi Irish for six excellent 
photographs of the Iowa stones, sixtj-seven in number, which form the 
collections of Pi of Hinruhs Mr J V Irish and himsolf Thij were talon 
by Mr Tliomas James, ot citj and arc in the very best stylo of ph to- 
graphio art 

Prof Gumbel, of Munich, has recently publishi d an interesting paper on 
tho characters of this metoonle He finds the crust to possess a deep bottle- 
green or brownish lod colour and to possess in jiolari/Gd light aU tho 
characters of an amorphous glass-1 iko m iss A\ hen a fragment is hoati d it 
iums of a dark brown colour, liko that noticed hy him m the orupti\e locks 
of tho Fichtelgebirg, and he regards this change hs i safe indication of tho 
prosonoo of olmno 

The composition of the bU iie is found to b'' 


Mslconc iron 

1232 

Troilite 

2> 

bihcats decorapoied by ucid 

•IK 11 

Bihoate, not acted upon by acid 

M J2 


100 00 


Tho sihcate decomposed by acid is an olivine, having the formula 
2(|.MgO,'^FoO),SiO , and the msolublo silicate, which has been regarded 
by Dr Lawrence bmith as pyroxene, gave the oxygen ratios—sibcio acid 
M 29 68 , bases b 10 29 It appears not improbable that in this case the 
sihcato wnB not completely decomposed dunng analysis 

Tho paper is illustrated with an interesting plate of a mioroscopio section 
showing olivine, augito, moteono iron, chromite, troibte, particles of a reddisb 
hue which resemble garnet but which doubly refract bght and exhibit optical 
characters which will not allow of their being identified with nosoan, and 
chondra showing fibrous, radiate, and granular structure, as well as others 
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which evidently oonsiat of olivine, and sonio which are opaque and dnaly 
grafolar, The meteono iron has a hackly angular structure, and hat the 
app^atanco which it would present if reduced to the metallio state in the 
position which it at prosont occupies* ' 


1875, December 27th, 9 r ii.— Kansas 

I have to thank Mr. Irish, C.E., of Iowa Citj, for two cuttings from 
newspapers (tho Kanms Chief of December 30th, and the Kamas Even^ 
%ng Post oi Docembor 29th) rocoidiug Ibo fall of a detonating meteor of 
tho above date. It traversed the heavens in a direction from N.W. to BJl., 
leaving a lurid streak m its wake. Tho whole heavens were lighted 
up, and ** made all out of doors almost as light as full moonlight.*’ Tho 
meteor was of tho usual whitish*r6d colour, and whon it exploded the fiery 
fragments wore scattered m uU directions* Forhapa two minutes later, and 
after all appearance of tho meteor had disappeared, the sound of tho exphS-* 
Sion oamo like tho discharge of a heavy cannon, or rather one loud explosion, 
immediately followed by a lighter one like an echo. The exp^aion jarred 
houses and rattled windows. The size of tho meteor and tho tomble for^ 
of tho explosion may be imagined from the fact that tho distance was so great 
that it required about two minutes for the sound to reach the earth, and the 
concussion was so plainly felt and heard ut that distance. The phenomenan 
was witnessed over a large extent of country.” An observer, writing from 
Fort Leavenworth, states that it appeared to have its origin m the consteU 
lation Cassiopeia, and its course was due east. Mr. Irish states that he has 
made every efibrt to secure possession of the meteontes which must h^ve 
fallen, but has been unsuccessful. The time of flight is estin^ated to haiie 
been from 12 to 15 seconds. 


1875, December 27th, 9.20 r.M.—State of MissawtieJI-S-A^ 

I am indebted to Mr. Irish, C.E., of Iowa City, for an int«HBMi^|f4MHviption of 
this detonating meteor, as well as for a map, on which he hat tnMltefOursa. 
The point where it was first seen in the renith is at Thayer, in 
near the borders of Kansas, and about 120 milea W. of the Missouri MwC 
was seen by him at Iowa City first as a small meteor, which rapidly^^jlii^^ 
brighter, and was hidden from view when at an altitude of about 4Cr by # 
building; at this moment it gave out a very brilliant quivenng flash of light, 
which illuminated the whole heavens. It appears from Mr. Iriah^ map h 
have been soon over a wide area, from Stillwater in Minnesota on Ibo north 
to Buffalo m Missouri on the south, and as far west as the shores of Lake 
Michigan. Near the termination of the flight sounds were heard: over 
Archer, in Nebraska, a rushing roaring sound, as of a mighty wind, was 
noticed ; at St. Joseph, in Missouri, the first distinct explosion was remarked, 
and between that town and Livingstone Co. frequent and very heavy dotona* 
tions occurred. In the last-mentioned district, and at places as far aUes 
distant, numerous red fragments were semi to hH* He says/‘l have hlltiirind 
persons looking for the meteorites where the fall must have taken jdaoe; bul 
the whole district is covered with dense forest, and is mountainous and brokrni^ 
and the ground was very soft from the long-continued rains preoeding the 
f^lee that no fragments luTe bem fi»nd< AU the ehaomn ot the Anal 
eKpleiiDn agree that the great bulk of tho matarial vaa thwwn vpwwti 
baeinrard upon the eoiuea ef the meteor, aa the airow-peiuM dote Ih 
taf efceteh iadtoete. The ImBioow eppeaiMMe oeotiimed in ei^t frr 

]i0 
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1876, January 6th, 10.30 p.m. —Iowa and Mibboutl 

This meteor, according to Mr. Irish’s letter and accompanying map, was 
witnossod over an area extending from Cass, in Iowa, to (j nmdy, m Missouri. It 
appeared to descend almost perpendicularly, and was a very bniliant meteor, 
and a very noisy one also. A senes of reports twonty-two m number wero 
hoard dunng its transit from Cass to Grundy. The rumbling thunder of its 
artillery, together with ifca flashes of bniliant light, brought people from their 
beds with an apprehension that the groat Civil War had broken out afresh. Its 
tune of flight over the area indicated was not more than five seconds, and the 
light it emitted is said to have equalled that of noonday. None of the 
moteontes which must have fallen have been found, for tho reasons already 
referred to when speaking of the detonating meteor of Decomber 27th. 

1876, Januar}^ 31st, 6.30 p m,—I jouisville, Kentucky. 

Dr Lawrence Smith, of Louisville, observed a magnificent meteor traversing 
tho heavens on tho afternoon of tho above day He first saw it at an altitude 
of about 00° above tho hon/oii, and it disappeared from view behind some 
houses at an elevation ol about 20° Its direction appears to have boon from 
N W. to H E , and the angular magnitude about one sixth that of tho disk of 
tho moon. It was seen over an area 120 miles in diameter. A numlior of 
observers witnessed an explosion which took place when the meteor was 
about 10° above the horizon; all tho fragments disappeared instantly, except 
tjie largest, which also became invisible before it reached tho horizon. One 
or two of tho oye-witnesses think they noticed a whizzing noise, and at the 
time of bursting heard the explosion. No fragments of a raeteonte have yot 
been met with; bul^ it is tho opinion of Dr. Smith that they fell about the 
range of the Cumberland Mountains m Kentucky, or in the north-east of 
Tennessee. 

1876, April 7th (evening).—^Epeijcs, Hungary*, 

A fireball passed o>or Eperjos 8° [‘^E. or W J from tho meridian, and 
detonated at an altitude of 38^ above the horizon It exploded with a very 
loud noiso, and broke into numerous fiery fragments. 

1876, Juno 28th, 11-12 a.m.—S taUdolen, Dalooarlia, Sweden, 

A meteor traversed a part of Control Sweden in a W.N.W. direction, and was 
plainly visible in tho very bright sunshine. It was oliservod nt Htockholm and 
at Sodermanland; at 13 English miles S.W. of Linkopliig it was scon first in 
an N W. direction, and at a considerable altitude, ana it descended almost to 
the horizon In the west. A loud whistling noiso was heard in the nir from 
E. to W., followed by two sharp reports, and others less loud rosembUng 
thunder. The fall of tho motoontes was witnessed by eight or ten persons, 
and three or four fragments h^ve been secured by Dr, Lmdstrom, The 
largest, about the size of two fists, weighs ii skalpund [1 lb. av.nil*068 Itt, 
or skalpund]. Stalldalen is a station on the Swedish Central Railway, on 
the northernmost part of ^Jrebroliin, Some of the meteorites which fell in 
wafer have been lost, 

* SgysUrUi 6i ifHJW UjMg* Budapest, Apnl 18,1076, 
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liepoit on the Ratnfall of the British Isles foi the years 1875-76^ by 
a CommiiUi comisiuig of V Brookf^ FR S {Chairman), J F. 
BatlmaNj C E , FR S , KodFus 1 illd, C E , J Glaisher, FH S , 
T IIawk^ley, ( h , 'IJu Fail of FR ^ , J Smyth, Jun, 

CJ£,C Tomlinson, F7i Sf, G J Sy\io\s (Secretary) 

Jn accordaucc ^\llh the resolution of tho Association, tht Itainfall Commiitco, 
orip^iuivlly nppointed in tho ^ca^ J ^<>5 now present their final icport 

The) gi\o in tlio Kpoit presented at Bristol in 1^7o a condeused account 
of the contents of their piovious reports 

Jins >eu they picscnt the ’various tuhks and e\])l in itoiy remarks upon 
them winch ire necessai} to complete the work up to the proeeut time, ex¬ 
cepting that referred to in tlio 7th follow ing pii igriph 
Ilio t ibles aiG ns follo’ws, namely —• 

I Examination of Hum Gauges 
ir Bin I) fall ol the jears 1871-') 

111 Alonthl} retuins from new Tiish &l itions 

7 laiHnuffit n of Rum Ootu/ts m t - \ppondcd to this report arc tho 
results of tlu ev nniiiation of lb iam gauges MSitcd Pince August 1875, 
Ihis bungs the cutue numbei whuh have been visited and examined up 
to ()55 iho Comnnttco rcgird this as a veiy important subject, and tho 
best guarantee of the records furnished bj the ob6CT^c^s They have more 
than onco expressed their conviction that the piopci conrso would have 
been to appoint a tri\clling inspector, so that tho whole of the gauges might 
ho properly examined but thej have never had adiejuate funds for tho pur¬ 
pose In fact, tho total amount they had been able to devote to it m the 15 
%ear8 dunpg which the inspections have been going on has only been ^210, 
Cl an avtiugo of ixactlj ill ijtar 1 lie explanation of the smallness of the 
amount m compari'^on with tho work effected (about Os 5r7 per station visited) 
arises from tho fart that it has been almost entirely done by our Hecretary, 
who, as a member of iho Association, received nothing for his services but 
merely repajment ot actual expenses, and even these have been matenally 
reduced by the hospitality of tho obseivers 

Rainfall of the yeai s 1874-5 —Tho usual biennial tables of monthly rain¬ 
fall at selected stations are appended Ever since their appointment the Com¬ 
mittee have continued these biennial tables, and as Jfr Symons had submit¬ 
ted similar ones for some years previous to their appointment, tho entire senos 
embraces 10 conseeutive years bubjc(t only to changes rendered necessary 
by tho removal or death of observers, tho same stations have been quoted in 
eacli biennial table, and thus these tables contam about 200 perfect records, 
each extending over 10 consocntivo years Only those persons who ore aware 
of the great impoitanco of continuity in physical researches will fully realue 
the value of this senes, both for physical and hydrological purposes. 

The Rainfall of 1874 was slightly below tho average, owing to a rather 
dry spnng and exceedingly dry summer The most remarkable feature of 
tho year was tho heavy fall of ram on October 0th, when tho average fodl 
over England and Wales was slightly above 1 inch m the 24 hours, and the 
fa’'I at many stations in North Wales and the Lake Distnct was upwards of 
5 inches So heavy a fall over so largo an area is a very rare occurrence. 

The Asxnfall of 1875 was greatly above the average in England (especially 
in the Miland Countieo), and irregular in Scotland and Iieland A very 
lieavy rainfeJUl occurred in Wales and the southein parts of England on July 
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14th, the fall in 24 hours exceeded 1 inch at 252 station*^, 2 inches at 109, 
3 inches at 39, 4 inches at 7, and 5 inches at 1 stations 

New lr%$h StaUons —W o reported last year the success of our effoits to 
improve the geographical diMtnbiition of Itiinfall Stations in Ireland, showed 
that the gauges started at the tost of the Assouatiou had bton supplemented 
by man^ others cstablihhcd at the t ist of puvate individuals, and gavo a map 
showing the iirescnt toiuploto distribution of stations Almost ill tlic ob- 
sorvors have proved good ones, and, as the table shows, the rtturns have 
been forwarded with legulanty Tho period is too short to yield precise 
results, but a good sjstom has been inaugurated and is in full opeiation 

Vt tho coinmenctmont of this repoit it was stated that there was one very 
important exception to tho othorwist satihtadmj (omphtiou of tho work up 
to the present time Ihis exception is the cl i^siliLd list ot stations and the 
results of (ho “ position-returns” whuh uo intended to have incorixiruled 
therewith In 180*5 wo published a complete list of evtry station m tho 
British Isles at which rainlall obsciwations were known to have been made, 
giving the observers’ names, tho luiglit of tho stnhons above mean sea-level, 
tho epoch of the obsei vat ions, and various oihci details Owing to the large 
development of rainfall woik diiiing tho subsequent 10 joins, tho list has 
become very imperfect, and tho C omraittce hive been activdv engaged in the 
preparation of a revised list In addition to the details jiu vj )udj foivcn, tho 
list was aUc to have eontanied othci most vnlimblo infoimation Tho 
*‘po8ition-retuins” obtained from the \niioiis stations, and winch have been 
mentioned in previous reports, wore to have been summaiucd and tho results 
indicated by sj mbols affixed to tho stations in tlio elassitied list and u ferenci a 
to publications in whuh the lecords could bo found woio also to have betn 
added The classified list of stations would thus have foimcd i complelo 
catalogue ^aisonne of all tho existing rainfall data, and have giviii most 
useful information at present non-cxistont lo the groat icgiet ut tlu Com-^ 
mitteo, tho Association dtehued to publish tlio poitioa of this h'^t \ fosented 
last year, and the Coranutteo have thercfoio felt compelled to rehiiquish its 
completion Ihey tho moic deeply regret this, as thoj consid< r that tho 
publicalion of this list would have been a fitting termmation of their work, 
and would have redounded to tho credit ot the Association 

Notwithstanding tho above most impoitant omission, tho Committee feel 
they have done good service to lamfall woik When they commenced tlieir 
labours, tho weakest part of rainfall obseiTatious was the defective gcographi 
cal distribution of tho stations Tins defect has now been very matonully 
lessoned Bj tho grants of tho Assoeiatiou ncnrlj 2*50 gauges have boon 
oreotod m distncts hitherto without obsc rvations The w ork done in the inspec¬ 
tion of stations bos already been mentioned A definite unit has been adopted 
for tho term “ rainy day,” namely, any day on which one lOOtli of an inch of 
ram falls A comploto code ot rules has been drawn up, so as to secure uni¬ 
formity of practice among obscncls Tho btcului vaiiatiou of tho rainfall of 
tho British Isles lias been invebtigated A determination of the average 
proportion of tho total yearly rainlall winch occurs in each month has 
Men effected Llaborato observ itions have been made and discusstd on the 
relative quantity of rum indicated by gauges ot various sizes and shapes, and 
erected at different heights above tho ground 

To sum up their labours in a sontonce, jour Committee have aimed—they 
hoM not without success—primarily at obtaining unirapcachablo xpeords, 
and, secondarily, at so discussing and arranging these records os fi^render 
them as useful as possible to physical inquirers and hjdraulic ongmeors. 
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County 


Cork 

Kerry 

T pperary 

L menok 


Cl«r 6 


K Ikenny 

K g 8 Co nty 
K Idare 
D Un 
Meath 

Longford 

Galway 

Mayo 

SI go 
LeTtrin 


Fermanagh 

Monaghan 

Armagh 

Dowi 


Antrim 


Londonderry 

Typoila 

« 

Don jal 

-L 


List of StfttioTiB suppl ed ^th Ram gauges by the Bntiih 


Static 


Jan 


Skibbereen 

K Uarnoy Gap of D loe 
Tralee Godfrey Place 
T pperary Heniy Street 
Kenagh L ska Lodge 
Newcastle Baile au leo np 1 
I ner k K 1 X)n a 
Ja ev lie 1 pperary 
K 1 ush 

M Uown Malbay 
Oorofln 

K Iken y Butler lie so 
Caf'tleco nor 
Banagl er 

Naas Bally nore B stnoe 
Katl gar 
Narim Balrath 
KelU 

Longford Barracks 
Granard Barracks 
Ball naaloe Kiloo nell 
M estport Rowbeg Ho so 
Bangor Glenturk Xxxlge 
Si go Ballinlul 

Carr ck on Shannon Drutnsna 
Mohill DroniraUan 


S9» 

^77 
5 9° 
( 396 ) 
A 96 
(3 9») 
7 37 
411 

4 7 < 

( 5*0 

(4 64 ) 

3 ** 
(5 47) 

(4 75) 

476 

5*1 

(609) 

478 

5 73 
193 
5 43 
486 


Carnck-on-Sl annon 
Dr lokeer n Spencer Harbo r 
Coll 

Imnestowti TgHnton Lodge 
Rockoorrr 
Newtownnamilton 
Kilkeel 

Wnrronpo nt S nnraer Hill 
Newry Newoostlo 
Rathfriland 


HiUsboroi gh Anah It 
Newtownaras, Model School 
Crumlm 

Ballymoney Church Street 
Busf mills 

Londonderry Knockan 
Moy Benburb 
fltewnrtstown 
Strabane 
Inver Glebo 


Oaradonagh 


*!!?! 

4 89) 
4 99 

(483) 

483 

1113 

(5 58) 

416 
419 
3 77 
3 *5 
(3«4) 
3 48 

538 

416 

(3 5») 


1 Peb 

Marul 

A|rl 

May 

June 

i J 9 

1 62 

* 53 

3 o» 

3 >4 

96 

> 79 

1 14 

3 »> 

4 02 

* 39 

> S> 

1 »4 

205 

3 4 > 

89 

1 19 

99 

>41 

3 30 

1 00 

I 65 

1 20 

> 5 * 

396 

1 03 


] 96 

1 8a 

409 

1S3 

I 80 

>93 

329 

403 

92 

I 11 

1 67 

J91 

5 06 

* 3 ' 

1 72 

191 

t 76 

5 <7 

96 

1 ft 

1 70 

» 7 * 

4 59 

1 27 

9 > 

90 

I 52 

178 

^5 

1 3 > 

86 

68 

3 54 

«3 

99 

*3 

2 II 

3 5 » 

3 57 

1 32 

74 

2 00 

3>3 

» 7 > 

»s 

84 

2 38 

3 >» 



1 03 

2 09 

351 

I 21 

94 




t 21 





7* 

9 > 

* 34 

3*5 


77 

> 75 

I 7 » 

*39 

384 

1 89 

1 8z 

2 12 

4 *» 

464 

I 06 

I *3 

1 01 


294 

I 51 

90 

I 50 


4 34 

1 23 

I 00 

99 

2 88 

» 7 S 

141 

79 

* *I 

137 

436 

2 06 

2 04 

1 11 

4 35 

6 17 

2 17 

2 03 

1 52 

470 

74<5 

' 53 

I 59 

7 « 

361 

SOI 

* 54 

i »3 

34 

2 IJ 

4 C 0 

2 00 

*53 

54 

2 22 

402 


1 



3 J 8 

257 

1 94 


»I 5 

4 74 

% tS 


62 

230 

4 99 

t tt 

I 38 

il 

I €7 

4 |i 

I 41 

1 04 

*3 


3^8 

96 

I 02 

39 

184 

3 3 * 

1 11 

I 05 

39 

I 80 

34 ^ 

>47 

I 63 

09 

»*3 


I 26 

>41 

43 

203 


87 

1 9a 


220 

294 

1 4« 

96 

3 < 

282 

291 

> >4 

1 t6 

J 9 

101 

301 


135 

70 

in 

>95 

1 63 

1 56 

» 59 

• 4 * 

44 » 


147 

7» 

300 

400 
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Association in 1874, and Returns therefrom for 1875 70 


July 

Aug 

Sopt 

Oct 

Nov 

Dec 

Jan 

leb 

March 

Api 1 

Moy 

Ju e 

July 

95 

1 60 

0 

CO 

! 588 

1 

488 

2 73 

2 6x 

521 

* 59 

4 75 

10 

I 17 

*55 

1 53 

2 22 

876 

6 76 

3 37 

4 02 

303 

4 99 

4 7 * 

2 89 

1 11 

288 

* 75 

458 

2 42 

7 84 

7 3 ^ 

3 56 

2 30 

1 28 

4 M 

493 

3 *3 

73 

* 34 

I 3 * 

1 n 

294 

546 

348 

3 54 

2 09 








193 

3 17 

7 12 

5 

4 20 

2 3 

1 *3 

4 39 

4 Sz 

249 

I 14 

1 46 

1 48 

a 78 i 

4 80 

576 

4 99 

3 34 

204 

96 

3 78 

445 

3 37 

9 * 

* 45 


336 1 

3 60 i 

7 60 

»97 

4*3 

1 81 

I 72 

5 27 

4 43 

2 38 

79 

1 i8 

2 03 

141 

> 59 1 

598 

663 

293 

2 ;7 





*;3 

1 21 

s* 

3 « 

414 ; 

697 

473 

3 5 J 

3 60 

2 36 

4 50 

387 

3 26 

93 

2 56 

3 10 

I 97 

»74 

7 01 

509 j 

3 43 

3 7 * 

213 

487 

♦55 

2 80 

69 

i 68 

2 71 

405 

» 54 

5 66 

590 

2 52 

* 73 

93 

463 

3 *» 

224 

61 

1 XI 

I i6 

3 57 

198 

6 13 

6 53 

4 77 

, 94 








1 

3 04 

5 >6 

3 95 

387 

1 22 

1 z6 

469 

390 

2 26 

94 

I 70 

* 7 * 

304 

131 

4 5 * 

381 

•1 '4 

1 55 

* S 3 

398 

3 5 » 

*43 

85 

2 11 

1 6x 

468 

J48 

5 47 

4 39 

(3 93) 

' 2 0 

77 

3 60 

*54 

1 88 

67 

* 47 

1 *7 

158 

: 2 04 

5 97 

5 31 

4 60 









128 

241 

5 

3 79 

3 67 

3 20 

207 

4 94 

463 

302 

74 

1 68 

*53 

178 

318 

6 32 

476 

3*8 

4 28 

3 39 

5 34 

522 

*59 

54 

* 55 

*35 

329 

1 12 

4 81 

5 39 

5 ** 

4*4 

5 37 

637 

7 *3 

4 20 

2 11 

4 99 

* *4 

349 

2 68 

3*4 

4 44 


2 09 

I 24 

4 47 

3 80 

*55 

, 5 * 

* 35 

1 11 

X 69 

421 

449 

509 

(481) 

3 *4 

225 

4 83 

4 39 

2 69 

’ 00 

’77 

* 59 







2 27 

5 55 

J ‘5 

250 

91 

* 35 

*33 

181 

348 

404 

305 

361 

* 33 

2 26 

563 

409 

*54 

47 

*49 

X 26 

a 43 

46a 

5»5 

504 

5 3 » 

37 * 








1 66 

6 31 

5 77 

5 60 

667 

4 8t> 








»74 ' 

450 

379 

5 7 » 

4 49 

2 34 








i 60 

3 7 * 

464 

583 

503 

2 27 

165 ; 

448 

3 87 

218 

59 

* 4 * 

2 00 

3 47 

4 60 

5 53 

5 93 

5 55 

2 88 

*95 

505 

481 

2 80 

75 

2 a8 

2 02 

3 3 » 

4 02 

529 


4 59 

* ^3 

111 

344 

2 28 

24a 

40 

'75 

1 76 

3 ao 

3 62 

8 40 

7 86 

587 

305 

2 26 

5 *8 

3 43 

267 

41 

2 48 

* 3 * 


3 06 

899 

7 90 

8 96 

366 








3 5 * 

2 64 

638 

6 28 

5 *0 

2 10 

1 60 

3 *4 

2 18 

309 

1 10 

2 17 

140 

4*7 

3 *7 

4 « 

5 94 

4 57 

* 54 

1 *49 , 

450 

271 

> 39 

44 

a 70 

126 

»55 

I 90 

428 

5 «9 

4 37 i 

2 16 

» 34 

3 55 

*47 

1 56 


a 69 

I 69 

3 *6 

4 5 » 

313 

4 5 * 

388 

1 z8 

*45 

4 20 

3 02 

1 IX 

81 

*59 

242 

300 

3 37 

3 3 » 

3 93 

4*5 ' 

213 

*73 

3 *8 

4 3 * 

112 

84 

2 30 

2)9 

105 

4*7 

398 

5 *9 

4 74 ‘ 

2 61 

I 67 

3 47 

449 

103 

57 

*97 

1 78 

245 

1 00 

4 54 

470 

4 86 

328 

131 - 

544 

5 5 * 

2 72 

54 

2 70 

*39 

438 

4 *3 

5 

6 69 

6 91 


' * 5 * 

5 08 

464 

103 

33 

165 

*85 

3 *0 j 

»l 5 

3 55 

491 

598 

2 84 

2 C9 

5 *6 

445 

2 11 

56 

2 90 

136 

M 5 > 

(3 55 ) 

213 

4 10 

489 

»97 
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4 9 * 

3»7 

566 

5 40 

3 59 

j 278 

5 39 

7 02 

♦J* 

I 17 

3 21 

*54 

240 

1 

264 

43 * 

631 

S 3 . 

3 36 

I 303 

579 

473 

a >1 

64 

*93 

*45 
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EXAMINATION OF 


8 1. 
giS 

a 

»*-' 2 

0 ^ 

U. a 

COUXTY. 

Construction 
of gauge 

Maker'a uamo 

■ 3 ? 

Height of 
gauge. 

i I 

S c 

§ 

OWNF/i 

1’^ 

u 

Above 

grouod 

Abovo 

uw> 

IcreL 


1S75 

1 


N egrett 1A Zombni 

9am 

fit in 

feet 

630 

Aug 31 

OLOLTOKSTEKSHIRE 

South Pa rail e, Clifton 

Vh' G F BUlWhM 

Dr Burder, 

V 

0 6 


631 

Si'pt 10 

DEVONSHIRE. 

Martnihoo 

JiEV c scmvFN 

Brv C Scrum 

XII 

Merely 

Coflolla 

Glaes anuu 

Irregu- 

Irtr 

I 0 

«15 

631 

t 

1 

1 

Sept. 11 

DEVONSHIRE liumel 

lllriuHuiibe Hotel 1 tlifl- 

ILFRACOMBF HOTEL CO MV , churg- 
Mr Tdthtm nig 

lilio 

lube 

Anon . . 

9 a ni 

11 6 

J+ 

1 

1 

t 

633 

Oct 7 

1 

1 

DliRir 43 I 

Rjibv Caetlo 
(, J Sl'MOFS, FSQ 

Mr, We&fcott 

X. 

Ci»oUa .. 

9 n ni. 

1 0 

4 (io 

<34 

Oct 7 

DURI 5 AM 

WliorltoH 

liEC A If' HEADI.AH 
liev A IK Heatllnm 


Anon , ,, 

•* 

0 10 

400 

<35 

Sept 2j 

YORKSHfRE 

Gicat Ajton, Middlewborouch 

MB DJXOF 

HI 

Anon ... 


+ * 

3CO 

636 

Oct 26 

KENT 

St AugiifNtmo'BMonaatcrv, Kiimpg’ite 
BRr FATHER qVfUH 

Rev Father Qnclch 

X 

NegreUi AZambra' 

9a ni 

0 6 

i 


637 

Sept 15 

DURHAM. 

Effgleeeliffe 

REK J HULL 

The Gardt^xer 

1 

XIT 

CoRclbi 

1 

9 a m 

1 

1 0 

So 


* Thii mark denoUii tliot the gauge hai a deep Suowdonkn rim. 
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JlAIN-GAUOEh {ron/i»uei//torn Brtt Anioc Bq) 1875. ]> 111) 


C 

£ juna1( riU f 

] rror nt j^/iiniilh nnrl an 



1 s 31 

I wulcr 

•Hiiln punt gular il vation of 



i §'3'^ a 



npt t ihetl 1 ti ol [«t ts abo\ e 

Remarks on posiiion Ac 

!.£ 5 

I 3 ^ S 11 

Snie 

(iraitis 

piAVious mouth of iniii 


isg 

1 « S 



column 



in 

in 


1 in 



' 8 oo 

1 

1250 

f*ooi Jitt (*') 

III gaulen at brnk of h aiac and 

630 

8 oo 

2 

2510 

-f 002 S ^ W fl ISC 1 

, miu h Hljcltend 


8 00 

1 

37 ';o 

4 003 \ K Jn 4 <J^ 



1 7 94 

4 

50IQ 

4- 004 



M 7 985 

1 





5 DO 


500 

001 Motliuig iiijiinoue 

Gauge < iilv m plud at intervals 

631 

A 98 

2 

1040 

~ 010 

ami Ml Hit lily t ►hd recorded 


5 CO 

3 

1510 

— 008 

ObsciVLi hud an 8 in Howard h 


4 9 « 

4 

2 OJ 0 

— 005 

Itiln gauge Itiuly torrett sug 


51 4 990 

5 

2470 

torn < j 

gt skditai u (tioiuuiddail} iccoid 


la 00 

1 

2850 

Lorrut 

On apex of a Hummei house like 

631 

la 00 

2 


cone t 

tlMruiouiitii stand in grounds 


' 12 00 

3 

8460 

+ 054 

of liolil 


12 00 






Mia 000 






8 01 

I 

1 ^oo 

— 00} N 1 (.fratilmiH 2i 

In garden N of tasUe tleor 

633 

798 

1 

25^0 

— 001 

Clot pt an iioUtI 


1 8 00 

3 

38(0 

corrc< t 



8 cz 

4 

5050 

4- 003 



M 8 001 

5 

6350 

corut t 



5 08 

1 

' 1 

4S0 

4 - 006 Qilet) jr irif^ardLn 

IhiH is exult ntly a 5 in glnHs ap 

* 34 - 

505 

1 i 

990 

4- 006 1 tii (iiiirtli 1 

plitvl to ft gauge 5 ( 0 in diam¬ 


507 

3 1 

J430 

4- 015 

eter henue the recorded fall la 


« 505 

4 ; 

i960 

4- 015 

1 x> liii ge 


M 5062 

5 

2450 

4" 018 



5 01 

[ 

1 4 ^*^ 

4- 007 N "W IrecB JO® 

Gauge on a pedeatal, very noketty 

635 

498 

2 

1 9 ^*^ 

+ 006 

and not 'nell attended ki 


5 00 

3 

1460 

+ 005 


< 

w 5 <>o 

4 

1050 

+ 006 



M 5 000 

5 

2450 

006 



8 01 

1 

1248 

4- 002 ^ angle of Mo 

Good position in garden of Mo¬ 

636. 

8 00 

1 

1500 

4 - 003 1 nasUiy J2® 

nastery 


7 99 

3 

3760 

+ 004 



8 01 

4 

5050 

+ 003 



M 8001 

S 

6300 

4- 004 



503 

1 

520 

- 005 j *5 one Poplar, 30 ® 

Gauge on lawn Trees rather too 

«S 7 - 

496 

1 

1020 

— oC>6 fc»A\ Acniias 41 ® 

close, but probably not seiuibly 


498 

3 

1480 

correct N ^ W lluuse 30 ’ 

imurioul 


„ 49 * 

4 

1980 

— ooi Talaci 45 ® 



U 49I8 

5 

2500 

— oo6 S B Acacia 36 ® 




1870. 
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S7S 

638 Nor 


639 Nov 


640 Nov 


641 No 


64a Nuv 


643 Nov 


644 Nor 


>45, De® 


$46 Doe 


RKPOET—1876 


1<XAM1NA110\ OF 


C LN 1 \ 

s S 

c t 

0 Her r o ® 


M k 


WlLlSniRI Cnoi a 

Jl Gr 0 Ma 
}} 1 i 10 

1 Til 


He ght of 
gauge 

uiue P'd I . 

lAbcJ-'J- 

I S oupd ' c e 

ft foot 
9 I o 47a 



ULOLCrSll R^milH '' t 4./u bra 9 a 06 

L y Any o h 

D1 lOJJhR 


HIRFb KDiilllKL N 

K cl OQ 11 Iaoo II e d 
t J ISltlL AbQ 
L J lnh Lnq 


inKbtOKDhUIBR IH Aon 

IIfl V yl He efo d 
I A tMA] MAif I SQ MD 
r A U p a k»q M V 


UKREFORDSHIRl HI A 

Ihe Gra g K h« 

II SOUTH \n hSQ 
H Souil If lutq 


8 MKRlONElir HI Cw*o la 

Bh wbi* fl r 
MAJOIi MATHkn 
V 0 Jo 


9 6 o 188 


9a n 13 


9 a 10 100 


9^0 10 o 1100 


CARNARVON 
Warw ok Houee I la d dno 
UH Me 01 

Dr H oi 


\ Negrot A /umbra 9am 1 0 


NORl^OLK 
11 11 ngt n S I I 
JIl H FFOIKIs 
I V H Ffo its 


NORFOLK 
H 11 ngton Recto y 
DF} H FFOLKPs 
R tv H F/iUle 


NT Ncgr V/imbm 9a 36 


\ N g A/unbra 9 a 10 


** Thu mark d ootes tl at the gauge haa a doep Snoudo an r m 



ON THE RAINFALL OP THE BRITISH ISLES 


RAIK-GA.U(iLS {LmtiHued) 


111 ! 

Equivalents of 
water 

Hrale j ,, 
pulnt • 

El ror at 
scale point 
specified in 
prev 0 B 
column 

Ayiniulh and an 
gulnr elevation of 
objects above 
mouth of n in 
gaige 

in 

in 


[ i 


498 

1 

500 

corrw t 

Clcir 


a 

990 

+ 001 


4 97 

3 

1480 

+ c>o 3 


508 

4 

1980 

-h 002 


M 5 011 

5 

2470 

1 - 0C4 


7 75 

1 

1350 

— 007 

1 ir ij e e 

8 0 % 

z 

z6oo 

— 007 


1 98 

3 

3850 

— 006 


8 03 

4 

5040 

— 003 


M 7 945 

5 

br ken 



8 01 

1 

IZ90 

002 

VV \ W IIo HC 2 ° 

7 99 

z 

2540 

c rr t 

si Tree 

799 

3 

3790 

+ 001 


8 oj 

4 

^oao 

+ 004 


M 8 000 

5 

6300 

+ 004 


49a 

1 

490 

cm t 


5 00 

z 

980 

001 rc t 

1 

50a 

3 

1480 

— 003 


49a 

4 

1980 

— 005 


U 4965 

S 

1470 

— 005 



1 

500 

— 001 

N inc 34 

, 

5 00 

z 

970 

+ 004 

\ VV Tree Jd'’ 

499 

3 

1470 

4- 004 


5 00 

4 

1980 

+ 001 


M 5 00a 

5 

! 2460 

+ 004 


506 

I 

500 

— 001 

Clear 

498 

1 

990 

c nett 

1 

500 

3 

1^80 

+ 002 

1 


4 

1980 

+ 001 


M 3 00a 

5 

2480 

COI reti, 


793 

1 

1300 

— 002 

N Tree 1 

Z 95 

z 

a 540 

con eot 

8 35 ® 


3 

3790 

•f 001 

N W House k> 

808 

4 

5060 

+ 001 


1 M 7 998 

1 

S 

1 6310 

+ 003 


499 

I 

480 

+ 003 

W Still ol 22 j 

501 

1 

970 

+ 004 

fr 0 33 ® ' 

500 

1 

1465 

+ 005 


500 

4 

1970 

+ 005 


Jd 5 001 

5 

2470 

-f 002 



ioi j 

8 oo 
8 00 . 
S Of 

M 80051 


Komarki on position Suo, 


In meteorologiuil pn loaure 30 638 
loetironi nourevt (low) building 


Gauge 1 ad been si fuck bj a mow 639 
II g machine and very much in 
d i ted I 


FerfocUv Gear on pen lawn 641 


In angle < f a slack of slutea in 643 
Ibe beet poeitiun the wi rks af 
ford 


On lawn near Rettery 
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REPOM— 1876 


EXAMINATION OF 


l§ 

Date of 
examination 

COT MY 

SUt on 

Construction 
of gauge 

Maker 9 an c 

*0 to 

Height 

I of gauge 

Oim/? 

Of Her er 

a| 

H C 

1 

AboTfl 

ground 

Above 

sea 

level 

647 

1875 
Dei a I 

CAMBRIDaLSHIRl 
lie Obecrv torv C 1 h Ige 

im onsjin AlOin 

M rod! 

III 

Cnsella 

Sam 

tl in 
1 0 

feet 

»s 

648 

1876 

^ Mvr 16 

WPSTMOKbLAND 

K rkbj7 S j ] 

7 Mi'sOS 

J M HO I sq 

\I1 

Caeellu 

9 a n 

1 0 

574 

649 

Mht 16 

WlSTMOKFLAJiD 

A pi leby 

DH AJiMS'inom 

Dr Ar astro g 

III 

A ion 

1 9 1 m 

1 0 

44 » 

650 

Mar 17 

YOBKSHIRR 

M ekl Ion 

G J SliVOAs A 6{2 

Mr trade 


C eolla 

9am 

1 0 

775 

l«i‘ 

Mur 17 

DIRHAM 

Qainiord 

A Ar/C/^SON J'SQ 

A Atittfum hsq 

XII 

C «eUu 

9 k lU 

1 0 

250 

651 

Mar 17 

i YORKSHIRE 

1 Rttniingl am P irk 

1 1 t^USSf^XMlLLBAm 

V 

Anon 


1 I 

650 

653 

Mar 17 

YORKSUIBK 

Rokobj Rectory 

RFV CfARh 

Rev H Clarke 


CaaelU ^ 

9 am 

1 0 

575 

654 

Mar 18 

DURHAM 

Wolmnghwn 

MR i MVrCHFJL 

Mr A MitcheU 

III 

An n 

9am 

1 0 

464 

655 

Mar 20 

NOBaHUMBMT AND 
AllenhmdB 

W B BtAUMONT ESQ 

Mr Ktdd 

X 

Negretti AAambra 

9am 

0 6 

«3So 
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RAlN-QATiarS (contuxued) 


f 

fi a 

Eqmv 

Wf 

Sonlo 

I oint 

UdnU of 
iter 

Grami 

Krror at 
srale point 
Bpetifled in 
previ ms 
column 

Azitnutli and an 
gular deration of 
objoeU above 
mouth of ram 
gauge 

Eemarks on position Slo* 

P 

1 ^ 

in 

in 


in 




498 

1 

50Q 

— 001 

F Irce 30^ 

Gfauge m garden of the Obserra- 

647 

5 01 

a 

980 

4* 002 

T. J()“ 

t »ry fair positi m 


5 OJ 

3 

1480 

4- 001 

W riw« 23“ 



4 99 

4 

1950 

-1- 006 

W Apph Iree 10° 



M 5 000 

5 

2450 

-j- 006 




5 01 

X 

480 

+ 003 

R Wall 

On edge of path m garden no 

648 

5 00 

a 

950 

-}- 008 

V Ireo 02^ 

better posUion available 


5 

3 

1460 

-1- oc6 

SW 28° 



5 00 

4 

i960 

4- 005 




M 5 005 







808 

1 

1250 

4- 001 

Olwir 

Qiiuge Ml garden F of hoiwe It 

*4* 

79a 

a 

2550 

4- 001 


appeani to bavo bi on made by 


800 

3 

3780 

-|- 002 


Mr Marnlmll of Kendal the 


8 01 

4 

5120 

— 003 


rc optttcle being broki n a new 


M 8 00a 

5 

6300 

{- 004 


gauge was supplied 


7 95 

I 

I a 50 

4- 001 

Quite clear 

In small erioloaod paddock near 

650 

8 oa 

a 

1540 

— 001 


the middle ot the village 


7 98 

3 

3770 

+ 00a 




8 00 

4 

5050 

4- 001 




M 7988 

5 

6320 

001 




498 

I 

500 

— 001 

R Building 38° 

Mr 4lkinson htui recently started 

651 

5 '31 

1 

1000 

1 — 002 


a new venflid 5 in Hnowdon 


5 00 

3 

1460 

' 4- 005 


pattern ram gauge i feet N of 


5 00 

4 

1950 : 

-f 006 


tlu above 


M 4998 

5 

2470 

4- ooi 

j 




503 

I 

480 

+ 003 

Q iite rlear 

On lawn S S W of houw 

651 

5 00 

1 

, 950 

008 


1 


♦ 98 

3 

1 1450 

4- 008 




500 

4 

1980 

4- ooi 




M 5 002 

5 

2440 

4- 008 




8 00 

1 

I 1170 

correit 

^ Clear 

In Rectory garden near corner of 


8 00 

2 

1 4540 

( iro t 


1 lawn 


8 00 

3 

1 3780 

4- 002 


1 


8 00 

4 

5080 

coireit 




M 8000 

5 

I 6350 

oorret t 




498 

[ 

475 

+ 004 

Nothing ivir 20° 

1 

In gaiden N of home fairly 

654- 

503 

2 

970 

+ C05 


open 


500 

3 

1470 

+ 004 




501 

4 

1970 

+ 003 




) M 5005 

5 

2490 

— OOI 




798 

118 

1530 

— OOI 

|S W Obimneyi of 

In small yard at rear of mining 

^55 

807 

244 

3140 

— 003 

house 

ofllces 


7 99 

5 

6410 

-005 

S WaU, 20® 




798 

8005 
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KBPORT—1876 


TABLES OF MONTHLY RAIN- 

ENGTAND 


T)iV1 H10I1 T - MlDDIfSEV 


T)iv II —S F CotJNTirs 


Height of 
Run gftuge 
above 
Ground 

Sea level 

C am Ion 
Square 

0 ft ft \n 

111 ft 

1874 187 t 

Mni 

I I 
C la[ 

1 ft 

1871 

FHh.X 

;>pp 

ton 

Ilai prtload 
Sq 1 r 9 

M int 

1 ft 0 n 
JH8 ft 

1874 l^TI 

M iBwell 
Hill 

81 r 

Duiifif 1 ] 
Gudalmiug 

2 ft ft n 
lljt ft 

1871 1 1870 

Hrv 

Wejbndgo 

Heath 

1 in 

ft 

187 j 

Oft M ui 
310 ft 

IH74 1 1H7> 

Oft 

l^fl 

1874 

0 in 
ft 

1876 


111 

in 

111 

in 

m 

111 

in 

m 

in 

in 

in 

in 

January 

1 i8 

3 22 

1 14 

2 74 

I 34 

3 21 

] 46 

3 30 

1 60 

3 77 

I 19 

3 76 

Febniary 

9« 

1 06 

82 

841 

1 10 

1 03 

1 16 

1 09 

1 03 

1 33 

I 52 

I 28 

March 

39 

69 

51 

57; 

62 

77 

67 

79 

4* 

83 

49 

55 

April 

1 i6 

* 53 

I 21 

1 38 

1 33 

1 so 

' 43 

1 40 

2 15 

98 

I 60 

I 65 

May 

I 14 

1 61 


1 68 

1 08 

I 62 

7 » 

^ 33 

93 

98 

I 11 

1 31 

Juno 

105 

2 40 

t 88 

2 JO 

2 11 

1 27 

242 

2 89 

2 96 

» 54 

3 54 

274 

July 

82 

463 

247 

4 77 

1 11 

467 

88 

5 20 

2 22 

411 

t 33 

4 53 

Au^et 

I 32 

I 79 

1 * H 

83 

* 77 

98 

1 46 

> 5> 

1 71 

I 35 

I 42 

84 

September 

a 62 

286 

1 * ^3 

a 67 

3 02 

2 36 

343 

287 

3 47 

145 

301 

1 64 

October 

3 34 

4 35 

' 3 a* 1 

3 94 

3 64 

3 94 

3 60 

407 

438 

4 79 

4*3 

4 39 

November 

2 21 

3 36 

i 97 

3 21 

2 24 

303 

2 11 

3 61 

3 90 

3 70 

2 62 

3381 

j December 

158 


, '”! 

82! 

I 65 

105 

2 09 

1 14 

I 92 

68 

I 65 

1 00 1 

ToUln 

18 81 

1844 

1998 

*6 35 

21 01 

2643 

^ 21 22 

3020 

27 68 

a6 51 

23 70 

27 07 


Division II —SoiTTU Easterv Cointies (continxmJ) 



Kkut {continued) 





Si88EX 


1 

Height of 
Bain gauge 
above 
Ground 
Sea^level 

River Held 
Sevenwdta 

Acol 

Margate 

Stdci^ 
loot a Cray 

1 Brighton 
Lewes Road 

Chicheator 

Shopwyke 

Bleak House, 
Hantinga 

0 ft 6 in 
300 ft 

1 ft 0 in 

00 ft 

Oft 8 in 

231 ft 

. 3 ft 8 in 
» 0 ft 

1 ft 2 lu 

61 ft 

1 ft. 1 In 

77 ft. 


1874 

1876 

1874 

1876 

1874 

187 o 

1874 

1876 

1874 

1876 

1874 

1878 

Janiui 7 

Febeua^ 

MaroU 

Apnl 
l&y w 
June 

July 

August 

SeUember 

Qbbber 

Korember 

IDeoeutber 

in 

1 96 

224 

72 

39 * 

307 

2 21 
37 r 

3 7 * 

2 87 

3 60 

m 

5 <7 

■ 1 ^ 

1 H 
> 35 
3^7 
4*3 

144 

184 

481 

iV, 

m 

86 

79 

78 

I 41 
94 
*43 

63 

1 17 

185 

*75 

>4* 

*45 

in 

68 

1 33 

I 78 

I 49 
409 

I 62 

1 80 

*33 

in 

97 

I 39 

43 

1 50 

63 

2 70 
80 

2 10 

*74 

246 

1 28 

in 

*79 

82 

48 

I 17 

1 16 

2 71 

4 9 * 

I 8 s 
224 

411 

96 

in 

2 52 

* 57 
7 * 

* 93 
4 * 

1 88 

2 02 
224 

3 95 

4 4 * 
263 
291 

in 

4 34 

2 00 

89 

1 28 
140 

3 50 

3 33 

* 55 
a 10 

4 5 * 

5 75 

* *5 

in 

2 32 

1 71 

34 

2 26 
266 
2 26 
2 90 

478 

2 80 
*73 

in 

4*9 
* 74 

11 
i 20 

3 55 
*73 

1 11 
252 

5 97 

in 

2 24 
*5 
75 

‘St 

124 

56 

1 61 

34 * 

407 

200 

26 a 

ia 

40 J 

n 

1*4 

9* 

2 12 
221 
241 
1*9 

4 It 

149 

ToCidi 

33 H 

31 »< 

IT 47 

*5 47 

21 11 

26 $2 

27 19 

31 81 

27 13 

31 13 

2267 
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PALL IN THI BRITISH TSIIS. 

I\GTAND 

Division IT —S iTn r isitiiN Coumils (coni nuc 1 ) 


Slrkky (ron/n erf) Kfvr 


OulUllurd 

GuikWwn 

Kenr 

ObwPVfttory 

Ken* n 

Roft 1 

0 1 1 rb rj? 
Ur Ige Stre t 

Jtvtl 0 

Ii ton 

Ma dstonn 

raloonhnnt 

t'denbndge 

0 it It m 
22 <t ft 

1 4 ^^ 

5 ft 0 in 
: M ft 

1 ft ( 
5 - 

j n 

ft i 

Oft ( 

ft 

0 ft ( 
- K 

1 n 
ft 

1 1 ft 0 in 

400 ft 

1874 1 

187 j 

IH 74 

IK" 1 

IK 4 

IK 

1 1 K 74 

IS- 1 

IK-4 

IK 7 

lK 7 t 

IftTf 

IK 74 

1076 

m 

t 

lU 

3 O' 1 

m 

98 

m 

3oO| 

m 

;o 

2 84 , 

n 

* 56 

3 68j 

2 38 

442 

1 27 

in 

3 62 

in 

* 47 

m 

3 lo 

187 

> 59 

1 16 

93' 

82 

i 79 

I2Q 

86' 

1 q8 

I 3 * 

> 3 ' 

93 

a 30 

‘iil 

47 

1 0 92 

44 

I 62 

8 

60 

98 

62 

> 3 

82 

83 

91 

77 

I 81 

1 13 

I 26 

I 70 

1 10 

1 2 67 

2 20 

1 22 

3 5 « 

S2| 

I 91 

I 38 

a 46 

U« 

59 

I 13 

60 1 

' 39 

1 07 

I 06 

I 05 

93 

1 72 

1 1 

1 38 

57 

110 

X97 

1 60 

2 51 1 

2 63 

2 62 ' 

2 18 

1 72 

^ '5 

2 58 

2 16 

2 63 

2 

2 55 

*93 

1 a4 

476 

116 

4 77 

97 

421 

89 

590 

2 34 

43 ' 

72 

5 60 

244 

+ 5 * 

^74 

1 17 

1 ' * 9 ; 

<55 

■^0 

I C 3 

I 90 

j 67 

37 

2 51 

2 07 

138 

241 

i 3 $ 

1 69 

1 36 

293 

2 02 

1 58 

i 96 

2 63 

213 

5 >5 

3 04 

302 

2 20 

305 

I 86 

449! 

463 

3 25 , 

3 8> 

342 

3 82 

3 

3 55 

3 so 

486 

3 59 

385 

5 « 

510 

*44 1 

4 >0 

2 31 1 

294 

2 25 

2 6<; 

a 38 

6 02 

2 6 

8 82 

1 98 

4 39 

2 69 

4 » 3 l 

I 54 

1 56 

I 41 

93 

* 3 * 

73 

a 36 

1 80 

321 

3 M 

^95 

1 30 

*54 

> 54 

2188' 

18 06 

19 61 

15 39 

1737 

1348 

21 29 

3065 

32 28 

3803 

*3 49 

3025 

1846 

30 35 


Division IT — ^ nrii Lastjuv ( nrNiits (coni ni c ?) 






Suf<«i X (cow/ J c 

1 ) 




rortli 

017 

IlAMiamia 

Dale Park 
Aeimdel 

Fflstboumo 

UoJtfiel 1 
Obeerratopy 

Clulgmo 
Cb 1 est«r 

Baloomb 

Placo 

C 1 kfl Id 

Petn 

Rwt 

St Lavredve 
Iile of 

3 ft 

6 m 

4 ft 

0 in 

ft ft 

0 

Oft 

Cm 

1 ft 

8 T 

-ft 

Oin 

1ft 

Oln. 1 

310 ft 

irtOft 

HO ft 

284 ft 

lOOft 

lOOft 

75 ft 1 

1874 

1876 

1874 

1 RT 5 

1874 

I 8"5 

1874 

187 o 

18-4 

187 ^> 

1874 

1875 

1874 

I 87 J 5 

Ul 

in 

in 

in 

in 

in 

n 

in 

n 

in 

in 

in 

in 

Im 

115 

,81 

*58 


2 22 

388 

a 56 

475 

a 05 

3 57 


4 SO 

* >4 

5 'p6 

aa6 

] 90 

1 27 

1 a8 

I 90 

> '5 

*13 

*41 

I j8 


3 08 

I 98 

I 15 

•n 

50 

14a 

7 ' 

S8 

69 

7 ' 

61 

1 50 

I 00 

85 

S 3 

> *5 

76 

77 

*34 

I *S 


I 48 

a 27 

87 

a 80 

1 39 

*38 


283 

1X7 

*34 

>44 


1 ao 

80 


59 

I a8 

40 

I 22 

4 » 

1 08 

a 06 

232 

6a 

9I 

166 

a 30 

1 21 

2 78 

2 10 

3 74 

309 

323 

a 22 

348 


3 >8 

1 a6 

*04 

3 55 

3*5 

1 08 

a 91 

58 

340 

>43 

4 3 ? 

2 27 

4 54 

1 66 

3 9 * 

5 « 

*!*• 

txr' 

a 10 

1 30 

>51 

* la 

1 97 

>45 

a 51 

1 66 

*38 

1 61 

170 

>45 


490 

361 

373 

328 

3 >5 

1 80 

2 74 

a 61 

361 

1 84 

355 

a c6 

3 6j 


+ f' 

467 

530 

4 66 

505 

418 

4^4 

4 93 

5 52 

38a 

544 

578 

sit 

4«3 

S 6 j 

49 ' 

*«s 

6 01 

a 66 

48a 

a Bz 

5 »* 

3 4 « 

4 99 

356 

464 

3 >7 


f I te 

«*S 

1 *»3 

>78 


1 18 

lll\ 

•JS 

» 17 

I 03 


1 69 

a6S 

r 


1 « 7 » 


3a 80 

* 4«5 

190a 

2901 

33 3 * 

17 7 » 

}i }8 

3471 

34 >4 

*5 59 

3>95 
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MroBT—1876 


ENGLAND 


Diriflion II — SoTTTH Eastebn Copntiks (continu d) 


11VMI K (ro n't 1 ) 


Height of 
Haul gat ge 
above 

Isle of 

(ie 

Wight 

Osb rno 
I§le t iglt 

Otterboun 
\V n lipstor 

1 adl m 1 

Soith i [ton 

Selborne 

Lisa 

1 etergfleld 

Ground 

7 ft 

0 in 

0 ft 

8 1 

1 ft 

3i 

4 ft 

t 1 

4 ft 

0 m 

7 It 

7 in 

S a level 

JO ft 

rj 

ft 

11 


2 

ft 

400 ft 

2>0ft 


1H74 

1877 

18-4 

187% 

Ih74 

187 

1874 

1875 

1S71 

187ft 

1874 

187fi 


m 

in 

in 

n 

in 

11 

jfi 

in 

in 

iT” 

in 

m 

JanuaJ 7 

I 62 

4 28 

1 82 

430 

1 86 

4 58 

2 29 

5 08 

1 36 

? to 

2 89 

504 

1 ebruai y 

1 8S 

2 79 

2 18 

274 

I 9» 

1 55 

2 64 

297 

342 

2 20 

2 23 

1 20 


22 

93 

46 

69 

47 

9 * 

58 

75 

77 

I [0 

75 

1 09 

Ap il 

2 52 

1 28 

270 

1 07 

247 

1 22 

3<^7 

) 46 

193 

I 74 

363 

96 

Mrtj 

49 

94 

61 

I 21 

36 

I 98 

98 

2 13 

42 

I 95 

21 

I 46 

J me 

t 69 

2 31 

I 63 

1 97 

. 81 

43 * 

I 98 

321 

2 63 

3 60 

1 92 

4*5 

July 

1 91 

3 5 ^ 

75 

3^3 

99' 

4 16 

1 70 

3 91 

1 03 

646 

81 

5 *0 

Atigufit 

28; 

S 8 

2 46 

I 05 

2 62 

2 76 

299 

2 12 

307 

1 12 

2 61 

1 01 

September 

3 07 

178 

2 96 

> 43 

450 

I 34 

3 75 

I 67 

276 

I 87 

3 3 * 

258 

Ottobep 

461 

5 H 

1 467 

5 n 

4 5 * 

4 66 

5 43 

657 

628 

583 

548 

578 

^Qvombep 

4 26 

566 

3 31 1 

448 

3 10 

4 57 

3 79 

467 

402 

4 73 

3 60 

4 61 

December 

3 

, * 

2 92 

I 10 

199 

59 

34»1 

* ^4 

3 3 » 

1 61 


] 60 

1 otitle 

2844 

3146 

26 48 1 

2848 

26 69 

33 «3 

31 6j 

15 79 

33 0* 

37 71 

305$ 

3 + 5 * 
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ENGrLAi^l) 


Ihviaion 11 —Houpk- 
Evstlev CoiJNirF^ 


Division III —SoirrH Midland Counties 




Hampshikb 

{Ci/it ed) 

Aldershot 

BbitKsnmv 

Long 

Wute ham 

] 

Berkhnmp 

Bttad 

PlEaTPOSDSIKHl 

Royston 

Ilitcli n 1 

OxroR] 

Rodchffe 
Ot»ervat iry 

DSIIIHB 

Banbury 

Oft 

b in 

1 1ft 

0 in 

1 ft 

{ 11 

1 0 ft 

0 in 

1ft 

0 in 

Oft 

11 m 

1 7ft; 

Oin 

3ioft 

1 170 ft 

170 ft 1 

[ J( )ft 

-d8it 

*.08 ft 

LiOtt 

1874 

1 ini') 1 

1874 

187'i 

1874 

187 j 

1874 

1 

187 

1874 

1875 

1874 

l«75 

1874. 

1875 

10 

in 

m 

11 

in 

n 

1 

in 

11 

n 

11 

m 

in 

in 

m 

I 71 

4 53 ! 

2 28 

4 JO 

2 16 

1 ^ 9 j 

140 

2 09 

^ 51 

2 15 

2 30 

3 57 

2J5 

269 

2 12 

305 

* 74 

I 60 

2 19 

1 18 

I 22 

75 

1 41 

I 05 

1 68 

» 45 

I 95 

9fi 

46 

64 

61 

77 

82 

75 

86 

47 

72 

63 

61 

I 09 

«5 

80 

2 ZI 

1 64 

105 

Z 2Z 

2 28 

M7 

I 37i 

I 42 

1 *4; 

z s8 

1 I 28 

I 46 


» '3 

77 

I 65 

I 4; 

1 2 01 

1 83 

2 46 

1 01 1 

I ;q 

61 

2 00 

I 56 

I 76 

1 76 

2 12 

2 11 

» 55 

67 

2 32 

I 21 

3 73 

I 26 

2 88 

« 35 

2 7 S 

68 

2 96 

50 

1 97 

1 30 1 

5 ** : 

I 09 

; 446 

93 

5 H 

53 1 

4 5^ 

2 05 

6 24 

49 

4 7<^ 

2 14 

5 39 

224 

1 54 

I 61 

i * 35 

z 69 

1 56 

I 17 

< 57 

I 11 

* 3^ 

I 82 

I 80 

2 09 

1 12 

2 72 

X 70 

342 

1 ^ 54 

4 01 

2 62 

2 801 

2 66 

3 01 

1 07 1; 

3 34 

2 03 

321 

a J 8 

4 34 

606 

3 II 

: 7 39 

3 16 

6 54 

2 19 

3 06 

2 59 

3 94 

3 *3 

7 53 

3 >3 

7 80 

2 04 

429 

» <7 

I 3 79 

2 37 

4 02 

2 01 

365 

1 96 

4 16 




484 

2 36 

< 79 

* 34- 

1 9^ 

»57 

1 11 

I 97 

79 

2 07 

1 04 

1 82 

87 

I 81 

— *1 

1 12 

14 4* 

35 31 

11 58 

j 3a so 

25 24 

33*7 

1779 

26 36 

20 25 

28 9 } 

21 24 

3* 9* 

*3 54 

34 3» 


Division IV —Eastpen Countiis 


Fskex 


fh« Hemnalls 
Epping 

Dorward s 
HnU Witham 

Ift 6m 

JO ft 

Dimmow 

0 ft 0 in 
J601t 

Booking 
Bra ntree 

lit 0in 

Arthdon 
Rectory ^ 

1ft 0 in 
300ft 

Orundieburgh 

3 ft 9 m 

Cull 

Bur 

Edm 

1ft 

'ord, 
y St 

and «f 

Uft 8in 
346ft 

6 m 

1674 

1876 

1874 

1875 

1874 

1875 

1874 

1871 

1874 

1876 

1874 

1875 

1874 

187^ 

in 

in 

m 

in 

in 

m 

m 

m 

in 

in 


in 

in 

in 

47 

3 26 

] 11 

2 19 

*15 

2 48 

1 20 

2 28 

I 46 

3 00 

99 

I 91 

> ^4 


I 14 

9 * 

75 

75 

86 

7» 

I 04 

98 

?* 

*5 

1 02 

96 

75 

1 ai 

7» 

61 

88 

46 

74 

41 

1 2 ) 

5* 

60 


69 

53 

I 07 

1 ♦* 

152 

I4« 

118 

1 40 

1 t 2 

1 z8 

I 44 

z 32 

108 

84 

j 36 

' '3 

69 


66 

241 

81 

2 SI 

90 

I S3 

82 

* 93 

1 66 

* 9; 

1 51 

2 36 

49' 

*»5 

a 86 

302 

I 93 

I 79 

143 

425 

2 lb 

3 16 

1 40 

^ 33 

I 31 

2 68 

I 64 

i »*3 

29s 

586 

1 37 

448 

. 01 

390 

1 14 

4 99 

» 5* 

509 

i 28 


76 


1 07 

I 08 

96 

56 

« 57 

85 

1 53 

81 

1 20 

81 

I 14 

0 61 

1 18 

881 

3CM5 

3 33 

1 81 

264 

104 


2 61 

294 

24? 

3 56 

295 

2 21 

3 »4 

a 67k. 

9 97 

363 

a 87 

444 

3H 

310 

243 

340 

2 69 

3 541 

I 69 

♦So 

2 08 

3*4 

US* 

409 

1 90 

3 

2 25 

3 59 

2 19 

404 

2 00 

4 26 

134 

4 88 

2 62 

5 « 

*"33 

^ 37 

* 33 


> 3 * 

89 

203 

1 17 

* 77 

89 

1 *”! 

143 

2 17 

1*4 


31 06 

I 

2325 

19 62 

»5 43 

19 88 

2763 

1 1**1 

»7 57 

i8o7| »7 5r 

17*1 

29 18 


SlPFOIK 
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Division V,— 

! 

Dmsion IV.—Eastkrn Count irs (conUaueJ) 


Routh-Wi?8TKrn 











COUNTIBB. 





Nohfolk 






Wilis 


Height of 
Rain-gauge 
above 
Ground 

Orlde)<ton, 

Bec»cle8 

rowsey, 

Norwi(*)i 

iSwdffliam 

ITolktmm. 

Wilton, 

SHlwbury 

Marlborougli, 

MildenhaH 

1 ft 0 in 

1 ft 0 in 

1 ft 

0 in 

0 ft 0 in 

0 ft. & m 

1 ft 0 m 

Sea-lerol 

40 ft 



1000 

.*jy a 

180 ft 

40711. 


1874 

lR7n 

1874 

187:> 

1874 

1871 

1874 

1875 

1874 

1875 

1874 

1875. 


in 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

January 

»9 

I 70 

I 07 

2 23 

I 41 

148 

' 25 

I 70 

2 80 

4 7> 

3 13 

455 

February 

97 

97 

1 n8 

1 29 

9' 

I 33 

1 35 

1 68 

3 M 

a 56 

a 49 

1 14 

March 

93 


85 

56 

1 11 

57 

I 05 

77 

60 

> 54 

1 09 

> 35 

April 

May 

I 03 

75 

i'04 

69 

1 11 

88 

I 15 

81; 

1 10 

> 54 

1 62 

« 57 

1 13 

I 35 

1 94 

1 49 

8[ 

I 79 

1 08 

95 

80 

1 69 

59 

244 

Juno 

191 

1 75 

2 06 

» 57 

1 96 

> 54 

1 30 

1 oa 

1 ao 

2 g8 

89 

2 70 

July 

I 51 

4 »3 

I 11 

5 08 

1 07 

596 

60 

831 

90 

4 06 

117 

5 33 

Augnab 

1 73 

075 

1 35 

69 

2 06 

I 6a 

1 65 

99 

2 50 

2 19 

2 46 

2 j8 

Se^mber 

3 68 

a 00 

3 *9 

2 41 

2 81 

241 

2 02 

I 80 

4 }0 

2 01 

392 

3 50 

O^ber i 

1 30 

3 ^9 

I 65 

3 56 

1 66 

3 00 

225 

2 30 

5 

6 03 

437 

7 22 

November 

a 35 

5 29 

3 16 

5 81 

280 

5*5 

2 70 

563 

3 00 

47» 

289 

408 

December 

a 46 

1 78 

»45 

2 39 

287 

I 89 

3 10 

275 

340 

1 21 

2 3« 

1 16 

Totals 

1 

21 00 1 

24 68 j 

20 95 

>7 7* 

20 69 

a8 72 

19 60 

29 75 

a9 7o 

35 33 

27 10 

[ 3»»» 


Division V —HotTTH-WBSTFRK CoTJNTTBS {e(mtin\iHl), 


DE\rtNiniiiK {c<»itinufd) 


Height of 
Rain-gauge 
above 

Landsoore, 

Teignmuuth. 

Cleveland e, 
l(}me Regis 

Cove, 

Tiverton 

Castle Hill, 

8 Molton 

Clnwton, 

Holeworthy 

j 

Barnstaple li 

1 

Ground 
8ea-level.. 

0 ft 6 m 
200 ft. 

1ft 11 m 
463 ft 

0 ft 4 in 
450 ft ? 

3 ft 1 in 
300 ft 

1 ft 1 m 
400 ft ? 

1 ft Oin. 

aift 


1874 

1875 

1874 

1875 

1«74 

1876 

1874 

1876 

1874 

lfl76 

1874 . 

mi 

January 
February , , 
March 

April 

Ay 

August . 
BefSember 

Deoember .. 

in 

3*37 

187 

2*52 

119 

1 iS 

2 02 
570 
»49 
4 * 4 » 
5'77 

in 

563 

a 12 

1 48 
r6i 

2 86 
3-6i 

438 

* 5 * 

4*43 

9 -u 

599 

109 

m 

281 

303 

•63 

»34 

I 04 

3*03 

127 
199 
680 
566 
3*46 
4 39 

m 

6 Ji 

1 85 

98 
> 53 

2 82 
2S6 
4*61 
3*1 

2 89 
825 
6-45 

■98 

in 

453 

401 

I 32 

\ll 

I 20 
240 

4 ‘S 9 

7*56 

5 30 
3*51 
690 

in 

63a 
a 13 

175 

*47 

306 

199 

3*91 

3 53 
J ®3 
964 

I 671 

150 

in 

538 

232 

2 12 

1 98 

36 

■9* 

400 

V.l 

640 

3 00 
1008 

m 

8 20 

2 04 

1 68 
a 13 

3 74 
3 61 
278 
*55 

5 37 

8 21 
*•*5 

in 

3-89 

3 15 

1 95 
*•47, 

99 
< 97 

3*04 

488 

8-19 

3 3 * 
294 

5’74 

1 n 
8*04 

1 76 
1*65 

*95 

105 

3*57 

276 

2 56 

III 

7 4 * 
*19 

m. 

4 'o 6 

281 

2-07 

1 89 
•70 

148 

2 77 
5^5 

5 93 

7 >0 

in. 

5*79 ‘ 

X 79 

2*ii' 

2'6| I 
40t| 

3 ' 3 S 

3*30 

1^ 

7 'tS 

1*01 

Totida. 

4160 

44 ’H 

)< 4 ! 

41*54 

43*95 

48-64 

50 70 

50*41 

4 rs% 

♦ 6 - 4 » 

4 «*« 

4 m' 
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rNGLAND 


Dnision V — Soitth-’W fsttrn Couniips 


Wit T 9 



DoRShT 





Pen oMsiilKR 


1 

1 

(conF'tni fd) 






1 







Cliipnenhnm 
TytnorUfii I 

Tvongthoms 

Wt ymoutb 
Onm ngtou 
Tk>1k 

, Sluft<»ibury 

j j 

Saltram 

Fore Street 
Hill 

kingsbridgo 

Ht Ine Vic 
Dartmoor 

1 ft : 

2 m 

Oft 

4 n 

1 it 0 n 

1 1 ft 

lin 1 

1 Oft 

S n 

1 ft 0 in 

1 ft 0 in 

1 >7 ft 

340 ft 

22 ^> ft 

722 ft 

06 ft • 

flift 


lft 74 1 

1875 1 

1874 

1 H 7 ’ 

1874 

187 > 

1874 

187 » 

1874 

187 o 

1874 

I 87 ft 

1874 

1875 

- - 

m 

1 

in 

in 

in 

n 

in 

in 

11 

in 

m 

in 

in 

m 

1 8i 

416I 

3 33 

5 67 

294 

5 56 

2 94 

444 

7 89 

1037 

508 

7 fi 4 

9 81 

>419 

1 88 

2 01 

3 4 * 1 

2 67 

241 

2 99 

2 39 

274 

398 

I so 

415 

> 79 

741 

170 

1 91 

78 

46! 

I 21 

66 

1 17 

63 

86 

1 36 

1 43 

I 24 

1 17 

1 71 

a 70 

1 30 

175 

1 09 

* 55 

2 26 

I 23 

2 9 S 

I 87 

2 56 

3 80 

2 17 

1 81 

4 99 

187 

34 

1 49 

45 

1 71 

61 

**3 

88 

251 

89 

90 

1 29 

*45 

138 

4 77 

1 09 

2 j8 

* 57 

275 

I so 

I 89 

2 22 

278 

1 a 35 

365 

1 89 

3«5 

9 10 

564 

73 

5 37 

I 41 

5 *9 

98: 

3 ^9 

1 71 

59 * 

>75 

5 39 

> 55 

5 CO 

I 79 

624 

t 69 

I 3a 

278 

1 68 

2 80 ' 

2 79 

3 19 

I 04 

a 25 

344 

2 65 

a 14 

6 19 

4*1 

4 93 

3 34 

3 93 , 

I 03 

3 74 

2 36 

® ' 5 ! 

*53 

9*5 

679 

4 4 * 

7 80 

*85 

73 * 

3 55 

7 36 

5*4 

8 32 

5 

815 

5 69! 

6 90 

7 36 

*15 

687 

6 8 o 

10 83 

is 04 

a 14 

398 

3 53 ' 

540 

3 38 

5 ^7 

a 56 1 

5 >0 

1 470 

6 0* 

4*9 

689 

53 

10 J5 

a a? 

0 87 

3 > 4 ' 

I 30 

4 16 

> 35 

2 61 

141 

5 54 

2 10 

746 

2 21 

*033 

r37 

i H65 

36 01 

3*74 

1 38 60 

31 26 

39*8 

33 9 * 

3809 

1 4978 

53 74 

4316 

49 S<j 7 » 9 » 

7*59 


- ---- -^ 

Division V -St)TITH-WKflTKBN CoUNTlFS {cOUttnUfd) 


I* C H^WTALF 


Oowin 

Oambome 

Fenuinoo 

T buly Park 
Redruth 

Truro Rojal 
Institution 

Trevama 

St Austol^ 

Bodmin 
Cnstle Street 

Altarnym, |[ 

0 ft 6 in 

8 ft 0 in 

Oft 

(1 m 

40 ft Om 

Oft 

6 in 

2 ft 4 in 

Ift Ohi j 

619 ft 

94 ft 

100 ft 

soft 

100ft 

338 ft 

WOft j 

1874 

1875 

1874 

187 ') 

1874 

187 > 

1874 

1875 

1874 

1875 

1874 

1876 

1874 

i87e.,l 

IvT 

in 

in 

m 

m 

in 

m 

in 

m 

in 

in 

m 

m 

•“ 1 

5 6a 

864 

5 >5 

9 54 

4 53 

6 90 

4 80 

79* 

5 34 

955 

5 7 ° 

9 93 

> 5 * 

H 7 S 

386 

a 57 

370 

3*4 

405 

2 Js 

4 35 

*45 

421 

> 74 

522 

’ 52 



I 31 

I 30 

1 58 

1 20 

4*5 

* 35 

I 17 

> 39 

1 82 

> 59 

2 03 

1 78 

2 7 * 

’I 

114 

*39 

a 68 

*54 

1 80 

2 00 

1 96 

>94 

2 76 

a 49 

*34 

ao4 

361 

80 

311 

68 

288 

I 08 

230 

1 ^ 

*35 

5 * 

3 20 

94 

291 

96 


180 

3 5 * 

2 24 

3 33 

2 00 

3 10 

184 

156 

19a 

408 

a 05 

3 33 

aa6 

4-33 

> 53 

370 

I 38 

340 

1 50 

a 80 

I 60 

a 70 

I 30 

3 57 

199 

3 ao 

114 

5 50 

408 

250 

307 

199 

390 

3 45 

3 7 * 

178 

4 3 * 

230 

456 

a 66 

<55 

•9» 

7 >5 

4 55 

5*5 

4 95 

6 30 

450 

590 

5 53 

7 54 

7^ 

5 

740 

776 

•roi 

0 n 

7 47 

561 

877 

5 *5 

6 10 

4 59 


478 

985 

>33 

li? 

t 09 

7 SA 

4 59 

500 

5*1 

661 

410 

679 


5 80 

541 

8 17 

4 73 

683 

5« 


««4 


9 9 *: 

311 

770 

3 60 

8 04 

a 21 

943 

a 6^ 

67a 

*73 

«991 

3 57 

4 n 3 

4 l*S 

4847 

5*57 

4 « 4 » 

45 H 

4373 

44*6 

49 34 

5676 

4816 

3*90 

61 10 

^95 
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Division V —South Wesi^rn Coi nties (continned) 


Division VJ —West 
Midland CouN-riEa 


SORERHKT 


OlOlCEBTKR 


Height of 
Ram gauge 
above 
G-rouud 
Sea level 


January 

Pebruary 

March 

April 

Muy 

Juue 

July 

August 

Septembtr 

Oc-iober 

No\ ember 

l>ecember 


F lU/irnl B 
Sch I 
Taunt n 


2 ft b in 
30 ft 


*^h^‘rb ri « 
Rt servo r 
1 llarptree 

1ft 0 M 
138 ft 


vt hcast 4 11 
R BRrvoir 


2 ft ft m 
22b ft 


0 ft 0 m 
192 ft 


rh© Firs 
Cirencester 

Oft 8 in 
T»2ft , 


1875 

1874 

1 H 75 

1874 

1875 

in 

in 

11 ) 

ID 

m 

485 

3 93 

5 >4 

3 *8 

5 30 

0 00 

0 40 

0 0| 

030 

0 56 

1 10 

a 14 

I 46 

1 os 

1 07 

1 80 

1 99 

a 09 

> 59 

1 98 

1 35 

66 

a 87 

I 01 

139 

3 35 

1 06 

3 5 * 

I 84 

3 4 * 

605 

1 56 

5 99 

] 09 

5 56 

I 30 

464 

1 79 

3 lo 

1 ai 

4*5 

7 07 

4 60 


a 80 

635 

380 

698 

381 

78* 

4 45 

0 36 

608 

081 

504 

80 

3 60 

1 08 

078 

1 64 


35*5 

4405 

3031 

4079 


Division VI —Wfsx Midland Counties (confmund) 


Division VII —North 
Midi and Countibb 


WoHfrMttt(ce f (cd) 


LncrsTKK 


Height of 
Bam gauge 
above 
Ground 
Seo-lovJ 


0 ft 8 m 
112 ft 


OrUt n 
I enb try 

ft ft ft n 
2ft0 ft 


IrlenHonao | 
Henley m i 
Ar leii 

2 ft 2 n 
400 ft 


liirminghain 


0 ft 8 m 
340 ft 


Floikney 
Market 
Hub ru 

0 ft 8 in 
411 ft 


Thornton 

Beaervoir 

2 ft 8 to 
420 ft 


1874 187 ^ 1874 1875 1874 1875 1874 t 1875 1874 1875 1874 1875 


January 
Febrimry 
March 
Apnl 
May 
Juno . 
July 
August 
I Se^mber 
October 
Novembat 
Peoomber 


0473 35^ *674! 37 4*1 


*7«8f 39 36 


3 98 1 ^ 3 9c 

100 101 111 

3659 1018 yyii 
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liNbLAND 


Division VI —WFHf Midland Lovunm (contmued) 


GLOrCKSTElt 
(e n/ nued) 

HKaii. 

OKU 


*^IIHOrfll IK* 


STArPOR] 


WoRCLBTRR 


EauI Lodge 
hr rai to 

0 Severn 

Sir tt 

Re t ry 
Hereford 

Haugbtu 1 
Hall 

Wl fiuU 

Tfoig d 
OsweMt ry 

RarlartL 
bt ke 

North w ek 

1 ark 

eat Malvern 

3 ft 6 n 

1 ft 

[) 

Jft 

r 

b ft 

0 

Ott 

ft in 

1 ft 

ft in 

1ft 

6 in 

42 ft 

1 >8 ft 


470 ft 

00 ft 



850 ft 

1874 

187 > 

1K"4 

18 

1874 

IK 

1874 

187 

1874 

187 J 

1874 

1875 

1874 

1876 

in 

m 

in 

m 

in 

11 


11 

] 1 

] 1 

in 

in 

in 

in 

328 

468 

2 80 

3 76 

1 81 

2 46 

288 

466 

2 91 

3^9 

3 

3 70 

271 

3 73 

119 

1 83 

253 

2 23 

241 

1 i;6 

295 

I ;6 

a 81 

I 11 

2H 

I 61 

1 98 

\tl 

1 02 

I 29 

78 

1 18 

88 

82 

I 69 

* 37 

> 59 

81 

60 

79 

68 

I 82 

2 80 

* 54 

86 

j 17 

66 

2 01 

I 29 

*49 

5« 

1 81 

2 30 

a 18 

98 

54 

1 93 

1 41 

a 53 

I 98 

1 I c 

1 55 

305 


I 82 

2 73 

^ 53 

1 52 

3H 

75 

3 14 

1 02 

2 52 

77 

2 63 

75 

3 75 

81 

3 *« 

35 

10^ 

1 11 

*74 

97 

443 

85 

4 80 

I 17 

5 59 

I 88 

468 

j 6) 

6 75 

2 10 

6 3a 

1 82 

7 49 

2 19 

96 

^4; 

I 88 

2 61 

3 56 

319 

3 33 

3 66 

2 69 

2 47 

J 31 

2 26 


478 

304 

409 

431 

288 

4 U 

3 13 

4 60 

3 36 

3 79 

3 76 

a 70 

3 75 

3 M 

*4^ 

522 

a 93 

6 03 

165 

5 3» 

286 

583 

283 

465 

396 

8 71 

3 06 

iis 

2 01 

53* 

2 69 

4 99 

3 3 

3 56 

4 82 

385 

4 4^ 

3 56 

3 *3 

5 22 

2 70 

494 

1 32 

I 68 

2 67 

1 81 

143 

103' 

3 62 

1 62 

3 17 

I 29 

295 

81 

2 00 

• 9 > 

H 33 

36 31 

*5 *0 

3691 

23 50 

1 3148 

3153 

39 99 

30 30 

33*5 

29 21 

3* 05 

26 78 

4043 


DiviBion VII — Noiirii Midi and CounriEa (contiynwl) 


LciosaTBR 

{continued) 






Lincoln 






Belvoir Cwtle 

T mcoln 

Market Baoen 

On nsborough 

Bngg 

Onnniby 

N«w llol^ 

1ft 

Om 

1 3 ft 

ft in 

dft 

6 m 



3 ft 

m 

left 

0 in 

Sft ain 

237 ft. 

1 2bfl 

111 ft 

7 ft ft 

1ft fl 

4 Jft 

18 A 

1874 

1876 

1874 

1875 

1874 

1875 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

m 

in 

in 

m 

in 

m 

m 

in 

in 

m 

m 

in 

in 

m 

>s« 

1 96 

I 14 

3 08 

9 « 

127 

78 

1 59 

•1 06 

* 3 * 

86 

1 61 

r^eS 


*59 

,44 

* 53 

I 19 

1 35 

60 

1 41 

1 J2 

1 09 

37 

1 16 

83 

1 16 


105 

57 

74 

57 

7 * 

> 57 


68 

75 

7 * 

85 

43 

72 


1 *3 

97 

I 36 

54 

44 

92 

1 48 

72 

*74 

5 * 

79 

34 

94 

*9 

97 

1 OI 

168 

85 

81 

1 09 

146 

91 

1 19 

93 

104 

98 

94 


43 

»44 

I 17 

lU 

105 

178 

9 * 

i 96 

66 

29s 

46 

2 62 

49 

101 

9 ® 

5 4 » 

4 « 

3 66 

2 19 

491 

146 

407 

1 CO 

402 

> *3 

402 

I 12 

SNj 

^94 

] 92 

1 64 

2 00 

243 

< 30 

219 

2 49 

I 7a 

] 80 

1 80 

* 79 

*94 


114 

114 

165 

1 63 

241 

65 

I 97 

a 12 

1 57 

258 

1 69 

197 

'|5 

»otf 

1 4 o 

4 95 

* 34 

3 89 

» 4 i 

5 99 

*17 

4 34 

* 35 


* 37 

3 fiS 

169 

4 n 

106. 

4*0 

*43 

4 4 * 

X 61 

3 60 

170 

35 * 

201 

486 

30c 

501 

181 

54 * 

1*64 

1 10 

> 34 

118 

125 

23 

108 

82 

*47 

76 

1 ]i 

98 

I 84 

* *3 

tjip 


x6 58 

*5 74 

1776 

*4 9 * ■ 

1691 

H33 

J5 61 

ij 96 

1638 

H13 

^628 

•f56 
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LNGLA!<D 


Divibion \ 111 —^oIlTH W>8ii Rv CouNriBti iiud) 


CllSfiUl IE 
( continued ) 


Lancasiuhe 


Miaocleefleld 

M V icl esUjr 

Waterh uaes 

B It n le 
Mourfl 

Kufforil 
Orraek rk 

Ovoi Darwen 

8 u lUi Sh )ro 
Blackpool 

3 It 

6 11 

2 ft 

7 in 

3 ft 

6 111 

lit 

Bi 

oa 

8 in 

1 ft 

0 n 

la 

8 m 

530 it 

too a 

a 45 It 

2S« a 

aea 

Booa 

29 a. 

1874 

1876 

1874 

1870 

1874 

187 f 

1«74 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

m 

in 

m 

in 

n 

in 

in 

m 

11 

m 

in 

in 

in 

in 

1 6 o 

266 

3 53 

3 57 

4 99 

4*7 

486 

5 60 

2 So 

3 Zii 

5 8* 

6 16 

288 

3 55 

117 

5 « 

* 59 

74 

1 99 

98 

1 88 

I 08 

2 6t 

85 

* 75 

] 20 

1 90 

1 00 

I 65 

55 

3 37 

82 

4 10 

48 

466 

87 

2 96 

76 

^ 51 

* 57 

*45 

j* 

1 So 

60 

1 00 

90 

I 29 

1 26 

1 46 

1 11 

* 15 

71 

2 31 

1 68 

I 08 

*5 

X 3S 

1 46 

I 39 

2 07 

I 90 

2 80 

1 96 

139 

I 42 

2 02 

* 95 

2 77 

X 20 

1 4b 

68 

X 06 

I 00 

3 56 

I 19 

3 78 

I 63 

501 

I 09 

3 19 

1 90 

422 

*5 

385 

19J 

478 

177 

4 60 

1 69 

44a 

346 

567 

2 65 

6 37 

367 

5 80 

1 71 

6 30 

406 

*44 

4 34 

5 00 

4 39 

287 

677 

300 

412 

2 62 

776 

3 5 > 

4.00 

X xo 

4 5 * 

a 71 

3 86 

4 74 

4 60 

5 t ^4 

4 20 

5 9 * 

3 *7 

4 59 

5 09 

5 5 * 

3*5 

465 

* 70 

381 

3 76 

4 45 

4*4 

4 34 

5 97 

6 13 

5 19 

482 

7 4 * 

568 

540 

455 

440 

259) 

485 

4 22 

1 44 * 

4 17 

7 3 » 

5 57 

♦53 

3 55 

6 11 

458 

4*5 

3*0 

1 li 

I 18 

1 3 64 

82 

307 

* 53 

444 

* 59 

3 06 

1 32 

3 68 

23 * 

*35 

1 40 

31 7 » 

U 43 

1 34 10 

3549 

' 3797 

34 94 

4* 67 

4394 

338s 

34 59 

54 97 

45 01 

*9 73 

33 93 


Divieion IX —Iorkskirb {coniiniml) 



Yohk —West Riuino (conttnued) 


TiokhiU 

Peni 

itOlUJ 

6 m 
ft 

Saddlt worth 

Ackworth 

Puut4rfr»ct 

Goole 

StanUy Vio 
Wakedtld 

Orenden 
Moor . 

Hahru'^ 

i. . .. 

1 0 m. 

61 ft 

sa 

717 

0 ft 5 m 
640 ft 

1 ft 6 m 
13 oft 

8 ft. 4 m 

1 ft 0 m 

100 ft 

Oft Ouh 
1376 ft. • 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

187 fi 

1874 

1876 

1874 

1876 

in 

m 

m 

m 

in 

m 

m 

in 

in 

in 

jn 

m 

in 

in. 


115 

I 63 

395 

43 * 

3 2X 

7 * 

* 3 * 

95 

a 31 

1 oa 

J0» 

30 # 


116 

*33 

*53 

5 * 

* 5 * 

3x0 

I 10 

> 34 

2 ox 

1 14 

1 20 

X 2 X 

140 



53 

3 a 3 

63 

41a 

94 

95 

50 

96 

43 

* 38 

4 * 

450 

lf€t 


57 

IH 

84 

*40 

105 

* 14 

34 

* *7 

4 * 

1 10 

4 * 

1 60 

I Jo 


*»5 

* 53 

1 56 

* *7 

*99 

90 

* *3 

1 2Z 

109 

84 

* 4 * 

I JO 

aw 

1st 

X 7 t 

*9 

3 43 

*11 

40s 

7 » 

465 

a? 

1 80 

74 

5 

X 86 

41 ^ 

*»• 

S60 

I 3X 

4 57 

186 

467 

I 36 

501 

* 34 

388 

•*3 

408 

270 


•S 3 

*97 

3 73 

305 

5 60 

1 80 


X 10 

*43 

a68 

1 50 

a 46 

Soo 

%3ao 

Mr 

• ax 

2 61 

191 

a 03 

4 74 

X x6 

X 64 

* 4 ? 

* 4 * 

110 

a 70 

4 16 

490 

iU 

r>j 

390 

5 56 

404 

3 6x 

*03 

4 37 

I 56 

410 

1 66 

3 9 J 

570 



S 9 $ 

I 16 

4 73 


4 37 

a 51 

3 74 

261 

3 33 

1 64 

34 ® 

460 

6»16 


I3 

1 61 

I 60 

1 a 61 

*47 

*"5 

*5 

1 26 

* 34 

a 30 

79 

400 

250 

Si*l 


|xa68 

J 3 3 * 

3 SS« 

36 *a 

«T' 9 < 

*«79 

15»» 

*4 93 

18 30 

*7 57 

* 99 « 

4 *^ 
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HJSPORT —1876, 


INOIANT) 


Divi'^ion I\ ^ RK'^uiiiF (fon/jiwf/) 




R \\ l-ST Kl N ( 

/ u 

/) 



York —East Rinno 

Heif(ht of 
Bun gauge i 

Fcou} 

IxhkIb 

Y 

rk 

11 r gate 

Aracliff 

lie vcrley Root! 
T 1 ill 

‘NVnrter 

Pockbngton 

above ' 













Ground 

Oft 

9 

Oft 

( i 

0 ft 

( n 

ft 

1) 

lit 

10 11 

1 ft , 

10 m 

Sea-level 

HO ft 

r lit 

mi ft 


) ft 

11 H 

1 230 ft 

1 

1 18 4 

18 ^^ 

j 1874 

18 

1874 

187 

18^1 

187 

1 H "4 

18 

1874 

1877 ) 


in 


' 1 ' 

1 

, 

ID 


in 



n 

11 

tTanua y 

a 14 

578 

I 09 

2 19 

2 05 i 

4 37 

8 20 

1 xo 78 

1 0? 

a 35 

1 32 

2 94 | 

bebru iry 

1 40 

2 22 

3 35 

1 20 

I 41 ' 

a 49 > 

1 312 

I 92 

1 33 

I 07 

^ 55 

145I 

Biaroli 

1 01 

1 30 

I 36 

I 55 

2 64 

1 66 

6 6 

215 

1 18 

Si 

1 90 

9 '' 

'X 

I 44 

67 

1 1 28 

1 44 

1 3a 

48 

a9? 

3 01 

1 01 

47 

I 82 

6t 

71 

I 38 

I X 96 

1 61 

1 66 

t 20 

a 52 

445 

I ?6 

I 35 

2 18 

« 7* 1 

June 1 

5» 

2 36 

99 

1 2 10 

81 

242 

> 53 

465 

57 

1 8s 

75 

> 9 * 

3 * 7 | 

' July 1 

I 89 

3 

1 18 


a 33 

286 

3 9a 

491 

1 48 

3 69 

IS8 

Au^t 

140 

^ 57 

a 34 

' ai7| 

2 90 

2 81 

9 5a 

3 56 

1 98 

3 56 

2 6] 

1 60 

September 

22s 

301 

285 

2 23 

12? 

a 00 

7 «9 

5 23 

1 80 

249 

I 68 

3*08 

Octobop 

2 ^1 

4 39 

2 17 

421 

a 74 

464 

847 

5 H 

J 77 

4 34 

242 

l\l 

Noveir ber 

2 69 1 

40 

3 22 

3831 

2 48 

4 39 

5 13 

7 66 

3 7 ' 

5 76 

460 

December 


i 315 

3 35 

89 1 

3 79 

» 35 

571 

4 79 

a 7 S 

113 

39a 

167 

Totali 

ai 97 

30 3a 1 

2314 

H 57 1 

26 38 

3067I 

6487 

5«35 

20 19 

28 87 

26 33 

3 * 7*1 


Division X —NoRrni-KN CocNTiEa (cm tinned) 


Norti umbprlasd P Cuubbrlard 


Height of 
Rain-gauge 
above 
OroniiJ 

1 Sea-level 

ByweU 

North 
bh eld* 

Haltwhislle 

Lilburn 1 
lower ' 

Biotk 

Seathwaite 

0 ft r in 

87 ft 

1 ft Om 
JJOft 

Oft 9 m 
J 80 ft 

G It Oin 

1100 ft 

111 Om 

87 ft 

1 ft Om 
429 ft 


1 W 4 

187 ft 

1(374 

187 ^ 

1874 

1875 

1874 

W 76 


1876 

1874 

1876 

January 
PebruatT 
March 1 

Apnl 

£y 1 

June 

July 1 

'September 

October 

Kotember 

l>»0ember 

in 

2 28 

*47 

1 61 
2S5 
1 1 01 

1 72 
a 60 

2 63 
2 18 

4a* 

506 

m 

1 83 
98 

I 09 

1 21 

2 It 
+ 21 

4*9 
2 92 

544 

in 

1 50 
95 

104 

72 

2 30 

1 00 

*47 
* 55 

i"6 

1 65 

330 

3 79 

in 

»33 

1 21 

5 * 

76 

7 » 

* 57 

5 38 
3 4 * 

3a6 

581 

*44 

in 

3 4 * 

* 77 

38a 

a 75 

* 95 

168 

248 

5 02 

39S 

4 77 
4 73 
3*3 

m 

458 

■1? 
*a 3 
248 
2 29 
44 * 
*97 

379 

286 

55a 

»S 5 

11 

* 33 

I SO 

1 84 

89 

2 09 

9 * 

2 00 

3 16 

I 80 
402 

344 

in 

1 86 

118 

1 21 

> 97 

1 11 

2 76 

I 6a 

a 26 

3 8* 
464 
*»9 

in 

388 

309 

*33 

> 5 * 

103 

1 06 

2 09 
77a 

538 

5 9 * 
4^7 

417 

in 

560 

I »4 
] 22 

1 56 
1 50 

45a 

3 54 
4*7 

589 

601 

4<7 

L*» 

“ 

10 8a 
10 so 

[414 
47a 

1 8a 
30* 
7 80 
i860 
1606 
3008 
1329 
7^4 

m 

at 81 

5 B 

1096 

ratio' 

' aw* 

3034 

34*5 

21 03 

*<99 

39 54 

34 «• 

H*$ 

a8 8s 

4*»4 

4 J *7 14 » 7 P 

m 
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ENGLAND. 


Divimoii TX.—YoRKaHiKE (continued). 


Dmpion X —Nomherk 
Counties. 


Yohr -ER.'! 
(conttnucd), 

Ghmton Hall, | 
Bcarborougb 1 

I ft 0 m 1 
250 ft, 


Yokr —Noatii Ridiso 


liollOD 

Wliitby. 

Northallerton 

Middles- 

borough 

Durham 

Observatory 

WoUiugham 

1 ft 0 in 

75 ft 

2 ft 0 m 

184 ft 

1 ft 3 m 

133 ft 

1 ft 6 lu 

21 ft 

4 ft 8m 
340 ft 

1 ft 0 in. 
464 ft 


1875 , 1874 
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HEPOHT —1H7G. 
WALES. 


DiviBion XI —MoyKOUTH, Wali>8, and the Iblandb. 



JIONMOI TU 


1 


Glamorban 

1 

1 

OaHMARTIII'K 

j Fenbhokk 

Hfight of ! 

j Newport 

i 

1 Abergaronny 

! 

Swtinaea | 

1 

Pont^rtli, 1 
Curdiff 

Carina rtlien 
Gaol 

1 HaTerford- 
1 went 

Rain-gauge 

ftboTfl 

Ground 











1 


1 ft 

0 m 1 

1 ft 

0 m 

14 It 1 » in ' 

1 ft 

I 111 1 

Oft 6 in. 

1 ft 0 m 

Sea-kvel 

1 180 ft 

220 ft 1 

40 ft j 

100 it 

_ „ 1 

02 ft 

95 ft. 


; 1«74 1 

1875 

1874 ! 

1875 , 

1874 

1870 j 

1874 

1875 

, 1874 

1875 1 

1 1 

1875 

1 

1 

in 1 

m 

in |i 

in 

1 

in 

in 

! in. 

in, 1 

1 

in 

January 

1 6 10 

6 6j 1 

49* 


475 

6 03 

6 91 

7 54 

1 6 34 

9-51 

5 62 

970 

1 Febniory «. , 

1 3 3» 

2 51 1 

3 54 

a 12) 

a 76 

111, 

2 99 

297 

+ 38 

2 75 ] 

4 73 

a 80 

Maich ! 

» 5 J 1 

2 M 8 I 

8S 

I 7a 1 

179 

* * 5 , 

3 50 

1 01 

1 3 70 

i'6o 

348 

1 64 

April . 

May 

1 20 

180' 

215 

a C9 

i 19 

1 41 

I 89 

3 08 

1 3 34 

a 98 

234 

2 77 

1 .3^ 

3 >5 

65 

a 831 

43 

1 84 < 

203 

348 

87 

3 55 

97 

286 

June , . 

1 J 95 

592 

53 

3 *7 

2 12 

340 

2 14 

649 

* 47 

3*76 

1 31 

3 39 

July . . 

1 41 

789 

83 

608 

* 55 

38’, 

I 63 

7 ’2 

2 23 

656 

2 55 

552 

August 

507 

1 87 

299 

«97 

469, 

633' 

645 

587 

7 30 

70a 

6 11 

466 

l^ptember 

5 9 ^ 

4 66 

5’9 

3 95 

474! 

4 39 

636 

502 

8 07 

581 

447 

6 29 

October 

5 '8 

748 

: 443 

740 

4 35 

5 7 » 

5 97 

8 09 

, 6 88 

6 30 

6 16 

7 a 8 

Noreinlier . , 

» 99 | 

796 

a 9 & 

693 1 

2 7 * 1 

720 

3 36 

8 88 j 

' 3 08 

7 47 


7 6i 

December . 

4 5 ’ 

2 61 

3 99 

* *5 

1 

211J 

5 77 

» 5^1 

597 

356 

8 09 

3 93 

Totata ( 

♦ <•59 

55 <♦ 

3309 

♦« »7 j 3 < 30 

45 5 * 

4900 

63 22 

1 

1 5J <5 

60*87 

5' «5 

5r43 


Diviwon XL — MoKMorin, Waleb, and the Islands (conitnued). 


M*RIOJfKTn 


T 


Fiint 


OARNAI 1 V 0 N. 


I 


Hnght of 
Rim-gauge 

•bore 

Ground 

8 eft*leTel 

Doll 

Brltl 

Sll' 

Bala, 1 

1 

Maee-y-dre 

Bryn Alyn ! 

1 

Beddgelert. 

Coebidiftr 

Camarrou. 

1 ft 1 in. 
120 ft. 

1 ft 6 in. 
466 ft. 

1 ft 0 ni 

544 ft 

5 ft 0 in 
400 ft. 

1 ft 2 in 1 
483 ft 

3 ft Oin. 
264 It 

1874 

1876 

1874 

1875 j 

1874 

1875 

1874 . 

1876 

1874 

1875 

1874 . 

18 TB 


in 

m 

in 

in ' 

lit 

in 

in 

m 

111 . 

m. 

in 

m, 

JanuAry. .. 

7*79 

569 

5 

7 3 <i 

• 87 

1 72 

2 15 

3*7 

143a 

> 3*45 

3 79 

4*08 

Febmry .. 

6 83 

3 45 

3 36 

t 93 | 

1 iS 

*61 

2 08 

1 08 

5 

740 

3 V 

»*I 7 

Mafoh . . 

3 7 * 

1 62 

530 

r8i I 

1*23 

*5 

> 34 

•79 

98'^ 

507 

167 

1-27 

Apnl. 

372 

3’43 

263 

I 97 

*95 

60 

>*5 

1 11 

6^4 

371 

1*90 

*37 

"J . . 1 


3 ‘ 4 * 

2 02 

2 75 { 

215 

I 77 

i'3o 

1 88 

424 

5 34 

2 21 

2*39 

Juno .. . 

i «3 


1 04 

401 ' 

* 5 » 

r8i 

•48 

110 

3*27 

8*07 

‘90 

3*37 

July . i 

4*»4 

438 

328 


238 

251 

*73 

5*2 5 

7 *5 

4*54 

3*11 

3 * 3 * 

Aafu«t . .. . 

10 11 

i‘i8 

5 93 

*!- 

*53 

a 07 

3 47 

3 08 

U 99 

663 

4*50 

*'i« 

Beptember 

2’! 

HI 

J 33 

4 

171 

180 

a 89 

428 

9 55 

10*22 

455 

4*97 

October 

1 98 

7 « 

8*23 

y^s 

286 

374 

3*69 

402 

*974 

13*25 

4*69 

j**2 

NoTember ... 

10*18 

9 * 9 » 

504 

550 


31c 

4*09 

496 

17*12 

*3 99 

4 ' 5 * 

3-*3 

DeeembffF . 

7t8 

5 53 

6*21 

3*ia 

I 82 

77 

3*6i 

» t 4 

975 

*47 

4*9 

>45 

Tottli. . 

7 «* 4 * 

64'46 

»!•♦* 

46t)A 

WJJ 

91'<2 

30*01 

Ho 4 

121*58 

160*14 

59*44 

12 
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WALES. 


Pinfiioii XI—ifoxMOTTTH, Walks, and thk Isiands (ionUnned), 


PlMBROKS 

{co')}iinufd) 

BRK< K'IOCK 

MoNTl.OMERr 

CAsninAN 

Radnor 

iTt Toww, 
Tenty 

Brocknook 

LlanidlofR 

Lampeter 

Qogmnn 

Nantgwilr 

Heyhope 

Rcctoi^. 

1 fL 0 in 

2 ft 

^ in. 

211 

9 in 

6 ft. 0 in. 

2 ft « m 

Ift 

Oiii 

1 ft 0 m. 

180 ft. 

437 ft 

660 ft 1 

420 ft 

2 lM)ft 

707 ft. 

090 ft. 

1874 

1876 

1874 

1876 

1874 

1876 1 

1874 

1876 

1874 

1876 

1874. 

1875. 

1874 

1876. 

in 

m. 

in 

m 

in 

in. 

in 

in 

in. 

in 

in 

in. 

in 

in. 

503 

8 76 

543 

667 

5 

5m' 

501 

5 9> 

45* 

5 69 

7 56 

10 16 

386 

5*H 

4 35 

2 46 

41* 

2301 

403 

1 91 

4 39 

I 56 

2 72 

2 50 

1 5 5? 

175 

a 81 

a Si 

* 5* 

1 * 56 ! 


199 

4** 

I 94 1 

179 

179 

376 

1 23 

346 

I 66 

215 

1*90 

*•16 

279 

2 So 

156 

1 92 

388 ' 

1 11 

1*87 

191 

I 71 

3 >4 

*75 

! 19 

208 

•79 


79 

2 80 

I 70 

3 59 

1 71 

2 10 

1*59 

2 36 


364 

*7 

276 

1 64 

384 

2 24 

3 56 

> 39 

3 32 

1 $6 

* SS 

1 28 

369 

223 

6 35 

42 

3 66 

r 86 

7 01 

1 15 

4 *7 

2 64 

4 10 

1 50 

5 a* 

311 

4 47 

24 a 

7 26 

s 66 

5*89 

6 ‘i 6 


4 ‘io 

2 08 

6 23 

241 

436 

4*27 

7*65 

4»7 

8 61 

463 

544 

3*59 

5‘<7 

6-67 

4 68 

541 

5 39 

4 CO 

6*04 

5*5 

480 

561 

6 81 


3 68 

434 

5**5 

696 

5^5 

672 

5 3« 

8 18 

507 

6 68 

404 

5 54 

7 33 

8*29 

4‘S* 

7H 

J 

*351 

2 6 t 1 

*44 

476 

615 

4*9 

7*5 

5*,8 


7 II 

8*12 

4*05 

$0$ 

6*59 

3*»> 

23 a 

188 

635 

2 30 

544 

I 72 

5 54 

2 18 

7 11 

1 54 

5'03 

s* 6 o 

4861 

59731 

3»'50 

494 * 

49*00 1 

47*9 

45*7 

"46 76 

46 JO 

4436 

63 09 

65 31 

3574 

47'17 


Division XI.—MoNicorTH, Wales, AifD the 1sl.vrm (cwifiniKd). 


CA&NAtvoii {(wdinued). 

Isle op Mak I 

Gderksijv 

Guernsey 

Sark. 

JtUBT« 

lil&nrsir- 

fiecihuL 

Llandudno, 

Dougisa 

Point of Ajrv! 

1 

Bark. 

kl)Ubr<^ 

OIL 6 in. 

RTEin 

1 ft. 1 in 

. 

. 


1 ItOm 

1 itote. 


09 ft. 

79 ft, 

•• 


mft 1 


60 (t 

1874. 

1876 

1874 

1876 

1874 

1876 

1874 

1876 . 

1874 

1876 

1874 

1876. 

1874. 

1 S 75 . 

ift. 

in. 

m 

in 

tn, 

in 

in 

in 

in 

in. 

m 

m. 

in. 

in* 

3 73 

4‘w 

288 

303 

5*15 

665 

»*35 

3*31 

*94 

500 

1 62 

407 

2'4t 


VH 

280 

146 

114 

a*39 

*55 

1 ai 

64 



191 

*•75 



2*66 

I 67 

2 12 

89 

j 76 

1 26 

1 10 

I la 

85 

*66 

rii 

'45 

*•38 

V 

1*91 

] 16 

1*40 

*94 

179 

9* 

i*ii 

91 

362 

1*14 

2 89 

*94 

1*99 

is 

ns 

102 

268 

146 

1 39 

264 

*77 

*•4 

•94 

1*30 

so 

1*28 

’«5 

*80 

•*7 

»44 

*35 

til 

1* 

*•93 

’*5 

178 


2*59 

*j9 

218 

7 * 

2 'o 6 

ft ‘04 

4 *ao 

*'97 

3 47 

2 61 

456 

164 

I 67 

185 

2*84 




r$t 

t s*i» 

2*22 

1 li 

100 

5 *9 

» IS 

396 

rn 

1 ^7 

***3 

1*62 

1*78 

I‘S 6 


S'»7 

4*9* 

*53 

465 

*1* 

3*39 

144 , 

2a6 

268 

294 

*94 

246 

s-M 

2 * 7 # 


500 

3*4* 

530 

48 a 

4^6 

34*' 

468 

6 82 

615 


6 25 

r*7 

r «2 

S’*? 

4'37 

5H 

4*5 

7*00 

563 

3*95 

446 

3 57 

6m3 

1*86 

6^50 

3*20 

57* 

.. 

8*02 

443 

*41 

3 So 

< 90 

3*12 

*4^ 

7*90 

2*39 


1*99 

I'll 

«•« 


S7H* 

ji**. 

3 «JJ 

39 ' 4 « 

39'«1- 

24*22 

»5»* 

35 3* 


»7'5* i 

Sl’TO 

}2'02 

W* 9 » 


o2~ 
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SCOTLAND. 


Division XU. —South I-UN Codntius. 


WlOTOftH 



KiRKCiihimiOiiT. 



Dvmfriu. 


Height of 

Dal fern. 

Littlo Rom 

Careplmiru 

Cargrn 

Drumlanng 

Wanlook- 

hmd 

Kbin'guuge 













abov« 



1—— 


- - 

- 



__ — 


— 

-1 

Gkxjund 

Oft 

11 Ul 

i y a 

3 JD 

3 ft 

10 Jn 

Oft 

4 in 



0 ft 5 in. 

Sea-lorel 

7 oft 

1 i:w) it 

574 ft 

80 ft 

101 ft 

1330 ft 


1874 

187 i) 

1 1874 

1 H 7 :> 

1874 

1876 

1874 

1 H 75 

1874 

1875 

1874 . 

1876 . 


111 

in. 

! in 

in 

in 

in 

m 

in 

m 

in 

in 

in 

January 

414 

7 7 i 

1 ^71 

3 38 

69a 

IS 13 

5*70 

8 42 

590 

II 10 


1414 

February 

2 26 

1 29 

I 85 

I 19 

3 4 « 

2 08 

2 30 

1 21 

3 00 

2*10 

4 61 

1 08 

March 

321 

1 20 

1 79 

83 

386 

3 >4 

» 74 

1 60 

390 

X 80 

388 

3 5 « 

Apnl 

1 90 

1 JO 

1 2+ 

59 

450 

I 52 

398 


3 80 

a 10 

453 

2 36 

May 

95 

183 

73 

1 85 

1*11 

34a 

I 17 

1 54 

1 20 

a 90 

99 

3 36 

Juno . 

1 39 

3 »3 

83 

254 

I 68 

3 80 

' V 

458 

*45 

590 

•1 71 

5^3 

July 

3 14 

2 40 

* 74 

I 86 

1 10 

2 50 

1 84 

145 

390 

a 70 

3 *5 

2 83 

August 

627 

432 

3 93 

303 

638 

3 70 

707 

2 30 

680 

3 10 

796 

185 

September 


704 

2 23 

4 7 ^ 

5 95 

7 7 «> 

6*00 

5 47 

660 

7 60 

704 

9 5 * 

October 

8 03, 

5 7 * 

449 

6ij 

12 63 


10 72 

522 

11 10 

4 80 

1247 

5‘»5 

NoTomber 

570 

49 * 

419 

55 

9 21 

861 

550 

444 

6 30 

640 

471 

7 19 

December 

438 

267 

1 

2 II 

3 77 i 

2 90 

6 27 

2 69 

411 

228 

490 

* 59 

696 

Totals 

44 7 * j 

44 43 

*7 94 | 

3«43 

61 So 

63 28 j 

5* 06 

43 *4 

56*3 

5640 

61 16 

<5 7 } 




Division XIV.- 

-SouTn-WEBThRN Counties 




- 


Lv*(AnK 




Ayr. 

Raxntsw. 


Newmeme, 

Auchinrailh, 

Glasgow 

Hole Houee, 

Manafleld. 

Newton 

Height of 
Rain-gauge 

Douglas 

Hamilton. 

Obeerratory 

Patna. 

Large. 

Mcama. 














Ghround. 

0 ft 4 in 

4 ft 0 in 

0 ft. 1 in 

1 ft 0 in. 

Oft 0 m. 

1 ft. 0 In. 

Sea-larel .. 

783 ft. 

150 ft 

180 ft 

440 ft 

30 ft 

360 ft. 


1874 

1876 . 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 . 

1874 . 

1876 


in 

in 

m 

ill 

m 

in 

in 

in 

m 

in. 

in 

in 

Jtnoiry ... 

4 Sfi 

5 06 

184 

4 55 

427 

667 

4*3 

4 ' 6 o 

530 

10 80 

644 

7*10 

February 

259 

2 31 

60 

•90 

1*03 

174 

2 28 

>44 

140 

. 110 

l »4 

2*25 

Man^ . . 

2 93 

* 33 

2 00 


311 


3 66 

*45 

1 20 

1 So 

5**0 

503 

^"1 . 

»43 

1 60 

140 

86 

] 88 

I 68 

* 58 

1 69 

2 70 

1 00 

3 59 

1 5 * 

May ... . 

. *04 

*'43 

I 90 

83 

1*50 

« 55 

*43 

*44 

1 80 

2 90 

*75 

300 

June ...... 

1 * *3 

3-56 

1 32 

2 20 

90 


> 7 * 

2 64 

1 00 

340 

1 30 

286 

July . 

204 

17 S 

3 10 

* 7 * 

403 

I So 

3 *?J 

114 

2 60 

1 10 

166 

r «3 

Aagurt ... 

6 06 

mEi 

5*48 

1*25 

4 74 

2 98 

50 * 

2*83 

5 00 

490 


3 47 

September 

483 

5«5 

3 '30 

3 60 

1 + * 


4 59 

4*94 

j-IO 

8 90 

624 

5 * 97 , 


7 'i6 

4 74 

490 

4 * 3 ? 

802 

586 

764 

4'39 

8 30 

7 60 

n 17 

507 

November ... 

4 J 6 

387 

a '90 

3 7 * 

426 

5*10 

5*77 

482 

5 60 

5 50 

41 * 

5*94 

Deeambar , 

270 

4'48 

rj 8 

3 0 ® 

»*7 

558 

279 

321 

2*50 

450 

4*50 

7‘07 

' iroteii . 

41'83 

3 S*SS 

31*02 1 

* 9'39 

4 f 3 « 

4419 

44 4 « 

1 3 <i 9 

48 50 

5«-50 

55*40 
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SCOTLAND. 





Division XIII. 

—South-Eastbrn Counties. 




BoXBlFKOn 

SXLKIRR 

PliSHIKS 

BpRwrrx 

Haddinotov 


EniNnuuon 


SilTfrbut 
Hall, Hawick 

1 

Bothwickbrae 

North Ksk 
, Hettcrvoir, 

1 rcriicuick 

Thirldstane 

KuBt Linton 

Glent orae 

CliarloHe Sq , 
E^nburghu 

4 ft 0 in. 1 

Oft 

2 in 

Oft 

0 in I 

Oft 3 in 

0 ft 3 m 

Oft (1 in 

Oft «m. 

512(1 1 

800 ft. 

1150 ft 

55811 

iWft 

787 ft 

2d0ft 

1 R 74 

1876 1 

1874 , 

1875 

1874 

1875 

J 874 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

in 

in 

in 

in 

in. 

m 

in 

in 

in 

in 

in 

in 

in 

in 

a ij 

409 

4 00 

7*6o 

31 L 

445 

a 50 

3 ^0 

I 10 

I 91 

3 45 

5 70 

> 74 

*74 

2 |6 

1 07 

140 

1 50 

85 

I 30 

I 50 

t 90 

60 

I 39 

1 ao 

1 00 

70 

I 17 

I 93 

III 

330 

l*ga 

1 *85 

> 75 

I 50 

80 

1 00 

64 

1 

I 60 

>'73 

•90 

*95 

971 

1 50 

f fo 

a rj 

1 4c 

* ^5 

‘45 

68 

-40 

1 2 75 

I >5 

90 

67 

I 72 

I 36 

I ^ 

1 80 

I 60 

* 55 

95 

I 30 

* 37 

48 

a 00 

1 60 

1*50 

75 

7 « 

176 

1 80 

a 70 

1 00 

a 70 

I 00 

a 30 

>47 

173 

I 50 

*75 

1 60 

a‘oo 

1*10 

* 54 ^ 

140 

310 

1 70 

3 30 

a 00 

1 60 

452 

a 65 

155 

38s 

3 34 

3*26 

503 

a 38 

7 ao 

a ao 

6 50 

» 55 

5*0 

90 

4‘54 

96 

660 

X 50 

487 



3 4 « 

joo 

590 

3 30 

4 60 

a 00 

370 

a 16 

164 

3ao 

450 

> 75 

267 

4«3 

454 

890 

3 40 

4 80 

3 60 

3 10 

4 45 

1 a6 

3 93 

5 >5 

340 

24* 

*34 

4«5 

17*1 

540 

4 60 

4 45 

570 

430 

5 00 

469 

505 

370 

5 75 

3 >> 

4 * 9 * 

1 9 i 

1 64 

4 10 

500 

190 

340 

313 

a 30 

a‘98 

J >5 

> 55 

a 90 

a 10 

1 81 

33 45 

*875' 

47 60' 

0 

0 

3505 

36 30 

»8 33 

»9 50 

*7 47 

1393 

35*5 

3«70 

»S 7 * 



Div, XIV. 
(continued). 



Division XY •« 

—West Midland Codntifs. 



Ex'IKIBW 
(/ onftnued) 


Dumbarton 

|| Stirlino 

.. 1). 

Butr 

Aruvul. 

Glpnbrae, 

Ballooh 

Arddarock, 

Amolt Hill, 

Pladda. 

1 

Cnatlc 

Caltoa}A 4 r. ! 

Or«0iiook 

Caatle 

Loch Long 

EalJurk 

Toward 

0 ft. 9 in, 

0 ft. 4 in 

0 ft 10 in. 

1 ft 

6 in 

SA 3 m 

1 4 ft 0 in 

4 ft. 0 in. 

674 ft 

01 ft. 

80 ft 

136 ft 

66 a 

1 

05 ft, 

1R74. 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874. 

187A 

in 

in 

in 

in 

in 

in ’ 

m 

in 

in 

in 

I '» 

m 

in. 

uu 

o'6o 

10 60 

6*14 

907 

ii‘iB 

.2 36 

4 - 5 * 

5*4 

377 

4*65 

4*87 

*•13 

601 

<w 

»•'$ 

2 80 

2 £0 

2 18 

1 46 

*95 

2'6i 

115 

rii 

* 1-15 

I 24 

i 1 54 

> 50 

2*89 

£‘04 

6*Jo 

1*60 


a 18 

978 

3 5 > 

303 

I 39 

3 45 

>54 

1 4 37 

**7 


370 

150 

a a8 
2 64 

a 14 

6 13 

3*66 

1 81 

pao 

»37 

124 

' *94 

> >5 

390 

284 

2-40 

4*10 

3 74 

*78 

530 

2*30 

2 20 

, >95 

2 18 

1 »*3 

305 


1*54 

1*90 

3 30 

1 60 

384 

rS4 


1 20 

278 

93 

1*90 

i ] a) 

*»4 

*‘^ 5 . 


1*50 

0*20 


l\\ 

1 oa 

5'>5 

470 

673 

a-ao 
« 73 

3'95 

528 

1*19 
2 12 

»37 

15S 

3*o6 

S 276 

449 

*35 

4 ' 2 I 

is* 


<■<0 

1:1: 

648 

590 

II 2a 

603 

* 3 * 

1*98 

408 

301 

6 91 

4«9 

i-ai 

JW 

Il'tO 

9 00 

7*35 

1403 

10*45 

4 39 

4*02 

7 >7 

6 22 

1 

. 672 

876 

U 

<’00 

6*30 

6*10 

5*57 

9*79 

73; 

4 * 5 ' 

4 * 9 * 

5*50 

5 47 

' 612 

4*>7 

627 

2-JO 

7*10 

3 10 

5*93 

294 

9 a8 

2*50 

4 55 

»»3 

390 

i 2*aS 

1 

4 ‘ 5 « 

*•77 

470 

1 ( 5*04 

60-50 

55*07 

54‘45 

84-22 

75*45 

Jfrw 

W40 

' 4 ® <3 

36-08 

49*59 

46 *or 

59*50 

. 52*10 
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SCOTLAND. 


Bivituon XV. —Wjwt Coir^iiJBS (continued). 


Akoyll (continufd) 


Height of 
, JUin-gauge 

1 abore 

1 Ground . . 
jSea-lerel 

Inverary 

Castle 

1 

Airds. 

1 Appin 

1 

Cor 

Oft. 

14 

ran, 

1 Fil 

Ardnamur- 

cluin 

Dei 

Catiipb 

iiuir, 

leltown 

4 m. 1 
It 

SkipneM 

Castle 

0 ft 2 m 

30 ft. 

0 ft 3 in 
38ft 

4 in. 
ft. 

3 ft ft 111 

82 ft 

3ft 

76 

1 ft 6 in 

20 ft. 

■ 

1 1874. 

1876. 

1874 

1873 

1874 

1876 

1874 

1876. 

1874 

1875 

1874 

1876. 


m 

in 

in 

in 

m 

m 

m 

m 

in 

in 

ID 

in. 

Janaary . 

lO oo 

6 00 

7 10 

6 40 

1133 

495 

6*04 

637 

401 

6 04 

540 

4 9® 

February 

J'OO 

1 00 

3 10 

130 

310 


a'8o 

I 71 

I 4> 

>45 

340 

I 90 

Karch 

9 00 i 

a 50 

7 zo 

a 60 

»o 35 

a ao 

483 

» 93 

t 9t 

a 03 

520 

150 

^nl . 

4 00 

1*00 

4 10 

a 80 

5 10 

3*10 

3 so 

a ao 

3 

•50 

3 30 

•50 

Mxj . 

a oo; 

400 

a 60 

4 80 

a ao 

4 ao 

1 49 

3 4* 

103 

129 

1 40 

300 

June . 

roo 

$ 00 

a*9o 

4-30 

130 

a‘a7 

> 97 

a 58 


252 

1 70 

3*10 

July . 

500 

150 

5 *0 

a 70 

315 

2*64 

3 '7 

I 97 

177 

* 53 

190 

1 70 

Anguat ... 

6 00 

6 00 

; 770 

8 60 

! 3 57 

It 61 

5H 

6-17 

468 

3*5 

500 

3 ' 6 o 

September 

ir 00 

700 

9*10 

340 

7 10 

3 90 

964 

a 5a 

4*5 

34* 

730 

570 

October 

13 00 

5 00 

10 80 

440 

8 8a 

$ to 

7*5 

4*19 

699 

967 

760 

$80 

Norember « 

9‘oo 

400 

430 

5 50 

305 

5 3*> 

461 

46s 

* 3 * 

5 74 

1 6 ao 

660 

Peoember .« 

400 

I roo 

a 30 

6 00 

1 90 

9*5 

230 

370 

3*65 

3’39 

4 7 ® 

5*00 

Total! . . 

77 0o| 

56 00 

66*50 

53 *0 

‘3 «5 

57*7 

53 44 

4148 

4371 

41*83 

54*® 

45*1® 


Diviaioii XVI .—'Eksr Midusd Countim (oonftniwrf). 

PjEATii (couimued). 

Height of 
Haitfgauge 
ibove 
Ground 
SaaW , 

Ledard. 

Loch 

Katrine, 

Auebterarder 

House. 

Dunkeld. 

Bonafceid. 

Pitlodine. 

SoMM 

fnlM*. 

160 ft.’ 

Oft 6 in, 
830 ft. 

2 (t 3 in, 
162 ft. 

1 ft. 0 in 
226 ft. 

. 

2ft.6in. 

8oa 

1874 

1876 

187A 

1878. 

1874. 

1876 

1874. 

1876 

1874 

1876 

1874. 

1S7^ 


in 

4*3® 

I 90 
480 

1 90 

1 380 
* a‘oo 

5 20 
6*90 
I90 
10*00 

in 

21 30 
140 
17® 
1 90 
470 
5*3® 

I'lO 

680 

8*00 

8-40 

6*10 

r6o 

in. 
8*00 
350 
850 
4*10 
a 70 
% 80 
7*10 
5 20 

11 60 
13*60 

7*9® 

270 

in 

14*60 
2 40 

3*70 
240 
5 7® 
5*4® 
1*20 

S*70 

7 20 
10 10 
8-00 
10*20 

in 

^■ll 

1*96 

2*30 

2*11 

•70 

4*12 

3 39 
297 

563 

4 7» 

*49 

in. 

6 6j 

1 26 
183 
^3 
* 54 
2*00 
1*81 
2*14 
279 
486 
5*10 

3** 

in. 

400 

1 52 
321 

3®5 

2*31 

125 

5*01 

3*9* 

4*19 

5*3® 

3*J 

3‘o6 

in 

566 

>5* 

1*72 

lag 

1 30 

3*4® 

2 01 

526 
5 5« 
4*7® 
519 

in. 

5*8! 

1 29 
* 33 
3»9 

. 1 : 

Ul 

4*00 

5*5® 

*• 4 ® 

2'I0 

in 

454 
1-17 
* 54 
107 
2*10 

*77 

2*59 

1*21 

3*45 

a*7o 

in. 

*• 5 ® 

*70 

1*60 

ri 4 

% 

*45 

*'97 
»’45 
41 5 
rio 

io. 

4^97 

1 PO 

i'67 

vH 

1*00 

114 

1*9® 

••3* 

1 : 17 *- 

. 

55<o 

^ U70 

77’*o 

Jfto 

34U 

}<*«> 

4<t'*9 

4‘1»| 


JS J5 ! •*'J« 












































ON THE RAlNPAiL Or TUB RRITIflU mE 9 


SCOTLAND 


Div XV —West Midlwd Counties {continued) 

Division XVr —East Midland 

CoUNTIl 9 


Arci\ w {co t tl) 

Kin no HA 

Tir* 

PCKTII 


Rhinna of Rallnb n * 1 tt 1 

l8l«y Isl.y '•>' 

Ijooh Leven 

Si 1 6 

Nookton 

KippenroM 

1 

3 ft. 0 m I 1 ft 0 in 3 ft 4 m 

74ft 1 aft J7ft 

Oft Bm 
300 ft 

0 ft 0 m 

80 ft 

Oft 4 in 
160 ft 


1874 1 1877) 1874 1 1875 1874 187'i 1874 1 875 

1874 1 1876 

, 1874 1876 

1874 11875 




»55 476 

»33 175 

»04 I 47 

135 63 

J 33 161 

»4 I 93 
*63 64 

S 01 1 S« 

4 67 3 so 

468 6 

500 414 

191 163 


J41*l 3* 7fi| 

50 23 1 46 16 1 

46 16 1 19 92 68 86 47 39 I 


Division XVI —Last Midland Coumibs I 

(ronfirtu^/) 1 

Perth 

(CWlftWWfrf) 

F0k^AR 

PilTonpidal 

Dundee 
Necropol b 

Arbroath Montt oseneiiB 

1 ft B in. 
1460 ft 

Oft 6 m 
107 ft 

2 ft 0 in 

HO ft 

1874.1 1876 

1874 1 187) 

1874 1 1875 1874 | 1875 


3a 90 3t »o 


DlVlSlOuXVII ~>ORTH Eavicbii 

COUNTII^ 


KltrCARAfNI. 


T 1 e Bam 


Oft Bm 
I Oft 


Affjbiii hST 


Oft >m 
11140 


Aberdoiii, 

0 ft 5 « 

oait 


8*00 9 07 


4 ’ 9 P 47 * 

^70 |0r'<3 





















doo 


EEFORT—1876 


SCJOTIAND 


Division XVII —North ^asticr't Couhtiks (conUntted) 


Div XVIII -North- 
Wkstkrn Cottntim 


Adskdieji (cont i ufd) 


Bow AND CtOMARTT 


Height of 
Rain ga ige 
ftboTe 
Ctround 
See-lerel 


Janaary 

Fobruair 

Karoh 

April 

lUj 

June 

July 

Auguat 

September 

Ootobiff 

Noyember 

Dffoember 


TiUrdeak 

Fllon 


Grantown 


InTor nate 
House 
Loci Alsl 



34 S5 38 06 31 99 I 37 o» I 28 17 31 07 


3 n 

1 ft 

1 m 

3 ft Oin 

Ift 

712 ft 

I 60 ft 

1876 

1874 

1876 

1874 1876 

in 

in 

m 

1 1 11 

a 49 

2 16 

I 94 

11 37 7 70 

1 48 

1 04 

> >5 

2 85 ] 60 

146 

»8a 

107 

1245 390 

* 34 

1 10 

1 10 

6 40 3 70 

I 71 

*39 

>45 

270 895 

I 99 

i »3 

3 06 

5 55 505 

6 16 

1 30 

5 44 

5 40 4 10 

1 16 

655 

329 

720 1075 

4*4 

2 74 

3 80 

13 60 5 60 

13 « 

3 11 

1 88 

14 8 q 5 08 

371 

» 5 » 

3 43 

6 50 5 80 

> 94 

>95 

304 

3 65 if 95 

31 07 

3090 

31 «5 

9147 7 * i 3 


Division XVIII —Ihorth ^Smtrrn Counties 

(rort^niw* 1 ) 


.Division XIX —Northern Counties 


I^VEaxKAS 


SlTTHKELAlIJ) 


Height of 
Bain>gauge 
above 
J Ground 

taWrel 


Urqulart 

3 ft 4 m. OftSm OBSin 


Danrob n 


3 ft 0 n 
Uft 


Sooune. Cape Wrath 


Oft 4in 
20 0 . 


3 ft 6111 
3 Wft 


1874 1875 1874 1875 1874 1876 1874 187'5 1874 1876 1874 . 1876 


a »3 
A' a7« 


(January 

t^hbruarr 

Maroh 

Anril 

»r 

Jim 

September 

Jfowwhar 

Z)Mmber 


37 34 47**o }j6o $464 







ON THE lUlNFALL OF THE iftlTlSH ISLES. 


toi 


SCOTLAND 


Diviflion XVIII —Nokth Wiatfen Countim (con<inu«/) 


Roan Acn> Ohouarty (continued) 




InVSRN£M 




Loohbrdom 

Cromarty 

ArdroM 

Castle 

Alneafl 

Oronsay 

Barrahead 

_____ 

C when ah 
South List 

tuUodan 

Houae 

0 ft 8 ID 

3 ft 4 in 

1ft 

0 n 

Oft 

6 m 

3ft 

611 

0 ft 4 lu 

3 ft 0 in 

48 ft. 

28ft 

450 ft 1 

l>ft 

40ft 

1j 7 ft 

82 ft. 

1874 

1876 

1874 

lS 7 rt 

1874 

1875 

1874 

1876 

1874 

187 'i 

1874 

1876 

1874 

1876 

in 

m 

in 

in 

m 

in 

in 

m 

m 

in 

m 

in 

in 

m 

7 97 

4 49 

% 13 

*37 

365 

4 82 

21 00 

4 *9 

*79 

3*9 

7 08 


*45 


1 76 

130 

06 

5 * 

4 * 

I 16 

7 10 

1 87 

141 

88 

»*5 

1 85 

5 * 

71 

6 88 

1 71 

1 26 

98 

3 02 

2 09 

1525 

2 08 


I 04 

5 4 * 

1 *5 

* 7 * 

* 7 l 

469 

1 84 

1 31 

]6 

3 *3 

1 

871 

a as 

183 

1 24 

370 

a *5 

1 60 

if 

*45 

4 17 

i 71 

61 

3 34 

I 78 

450 

4 06 

119 

X 98 

*45 

310 

’ 5$ 

is 

54 * 

305 

74 

78 

I 50 

282 

585 

238 

86 

2 00 

2 70 

205 

7* 

• s» 

% 93 

4 77 

* 39 

1 06 

1 29 

4 3 * 

655 

a 05 

285 

1 5 * 

*49 

2 00 

191 

3 33 

4*5 

381 

3 60 

* 5 * 

6 41 

3 05 

695 

7 60 

3 33 

430 

440 

6 30 

6 40 

a 06 

4*8 

405 

I 40 

» 05 

4 00 

3*9 

10 40 

3*3 

346 

1 96 

665 

*45 


265 

II 04 

*97 

* 74 

1 81 

5*4 

3 45 

7 68 

*55 

5 *5 

305 

643 

3 70 

188 

> 33 

6 11 

4 77 

1 30 

*»5 

3 76 

3 59 

3 75 

3 45 

378 

*94 

565 

4 35 

I 71 

309 

435 

4*9 

a8 

* 77 

104 

348 

i 30 

4 3 »j 

156 

*37 

*45 

*05 

I oi 

*33 

6110 

43 *3 

1693 

! 1689 

3 * 

35 *4 

loi 15 

4073 

30 81 

26 96 

51 66 

35 35 

*5 3 * 

*3 34 


Dmaioii XIX — Northken Covnxies (coniimed) 




CiiTHNiea 




Ork>ft 



SlIKTLAMD 


l^oaahead. 

Holbumhead 

Pentland 

Skemea 

BtUfoar 

Caatle 

Siuidwiok 

Mam© 

Stourhead 

Breanj 

3ft 4iB 

127 ft 

Oft 4 in 
60 ft 

• 5 ft Hm 

72 ft 

Oft 6 m 

60 ft 

2 ft 0 m 
78 ft 



Oft. 4 IB. 
00 ft 

1874 

1876 

1874 

1876 

1874 

1875 

1874 

1875 

1874 

1876 

1874 

1876 

1874 

1876. 

in 

u 

in 

m 

in 

in 

m 

111 

IQ 

in 

m 

ID 

m 

in. 


3 *9 

466 

450 

JM 

408 

500 

560 

J9* 

502 

5 80 

6 50 

3 43 

5M 

46 

1 34 

70 

90 

44 

* 3* 

1 20 

1 20 

> 3? 

1 09 

I 50 

3 ^ 

*33 


*61 

75 

3*0 

40 

*47 

1 00 

2 70 

50 

}4« 

2 61 

420 

560 

29 % 

1*01 

ISO 

lol 

2 00 

3 00 

> 1 * 

1 92 

1 00 

120 

2 10 

370 

3 00 

3 49 

1 60 

107 

I 65 

1 80 

X 70 

*9 

1 86 

60 

1 00 

> 5* 

> 5* 

1 3*0 

5 JO 

» 34 

19 k 

99 

a i] 

1 90 

90 

1 12 

I 81 

80 

I 00 

167 

*45 

3 *0 

1 30 

aas 


>»e 

264 

100 

3 60 

I 80 

2 20 

I 90 

a 50 

*75 


*40 

6 90 

77 


3 +S 

*7* 

370 

1 90 

191 

*68 

250 

a 20 

5 00 

2 68 

440 

740 

5 47 

18 

HU 


> JO 

2 10 

305 

285 

460 

a 20 

486 

a 86 

ITo 

470 

429 

3 05 

J0» 

4*0 

2 80 

227 

1 11 

370 

2 10 

4 JO 

3 76 

5 SO 

4*0 

3 55 

jot 

J<» 

250 

3 SO 

*85 

416 

350 

410 

400 

40 J 

470 

480 


4'W 

lUt 


a *0 

2 30 

304 

I 53 

3 so. 

a JO 

344 

3 3 ^ 

a 60 

Soo 

19* 




|i 10 

*7 60 

* 51 } 

*7 53 

30 70 

a 6 to 1 38 a 6 

3306 

1 4740 

62 CO 

J<9» 

17 »» 








































KKPORt—1876. 


»QS 


IRELAND. 


Division XX.—MiTHflTjeR. 

J)iv.XXL— 

LEINaiKR. 


Cork 



1 

Kkrry. , 

1 

WATBUroaD 

Ou*i. 

Carlow 


(*ork, 









Fenagh 

Height of 

Qucpn’a 

Fennoy, 

DaiTynime 

Watorford 

1 Gurteen 

Huuae, 

Bain-gauge 

above 

Collfigo 









BagnaUtowu. 













Groaod 

6 ft 0 in. 

1 a. 0 m 

1 ft 

1 m 

4 ft ft m 

IftOln 

1 ft 0 m 

Sea-lerel 

OSft 

114 a. 

12 ft 

Oft It 

267 ft. 

340 ft, 


1874 

1875 

1«74 

1870 

1874 

187.) 

1874 

1870 

1874 j 1873 

1874 

187 &. 


in 

m 

in 

in 

m. 

m 

in 

in 

in 

m 

xn 

UL 

January. 

177 

788 

1 46 

7 8i^ 

5*7 

7 36 

16^ 

784 

1 61 

481 

305 

5-76 

February 

54 * 

I 41 

5 43 

1 35 

5 54 

148 

i9ir 
2 11 

*33 

1 64 

1 04 

1 81 

rA7 

Uaroh 

IC5 

I 21 

1 68 

1 92 

320 

*35 

I 3* 

1 90 

1 23 

I 14 

r6o 

Apnl 

luy . 

1 64 

109 

1 11 

163 

326 

3 Ji 

161 

> 5*^ 

1 62 

«S 

171 

91 

*18 

1+2 

98 

144 

1 20 

33* 

5* 

1 61 

* S3 

1S9 

* 34 

I 88 

June •. 

•91 

3 01 

I 01 

*55 

i34 

5 37 

X 69 

3*7 

* 97 

320 

I 80 

1 66 

July .. 

117 

1 96 

1 11 

109 

4»3 

i04 

1 40 

3 So 

190 

117 

x‘8i 

V97 

Au^it . 

1 66 


119 

*97 

441 

3*4 

308 

118 

5 3* 

138 

465 

1*01 

September 

} 36 

6+8 

393 

6 10 

5*9 

10 61 

3 37 

5 56 

4 18 

7 w* 

2 78 

5 *5 

Oobnber 

316 

649 

4 08 

5 37 

644 

696 

630 

989 

, 404 

364 

496 

5 59 

NcMreraber ... 

369 


4 ' 7 > 

4*9 

518 

4 37 

519 

444 

3 55 

1 $3 

»o6 

1 * 9 * 

Deoember . 

S JS 

118 

491 

iji 

8 17 

»•»? 

46* 

103 

' 4*4 

1 01 

3 « 

1 64 

loUli .«« . 

3035 

40 86 

35 80 

39 74 

54 43 

54 .*1 

37 77 

46*6 

35 50 

33 19 

3 »*J 

35*57 


Division XXIL—Conjtavohx (coniixxrtrcf). 

Division XXIIT.— Ulstee. 

i 

Boicomuov. 

1 

Mayo 

Sliuo 

Cavar 

FlKMANAIlIl ^ 

Dows. 

Height of 
Bain-gauge 
above 
Ground . 

Holywell 

C’loona Caatlo 

Mount 

Shannon^ 

Sligo 

Bed HiUr, 
Belturbet. 

llopenoe 

Court. 

Waimgstown. 

5 ft. 6 in 

2ft Om. 

4 ft 5 in. 

0 ft 9 tn 

1 ft 9 in. 

Oft. 41 & 

Sea-level, 

' 


80 ft 

70 ft 

208 ft 

200ft 

190 ft. 


1874 

1875 

1874 

1876, 

1874 , 

1876 

1874 . 

1876 

1874 . 

1876 

1874 . 


January , 
February , 

XU 

lU. 

lU 

m 

m. 

la 

lU. 

in. 

IIL 

in. 

In. 

u. 

1 70 

3*50 

5*10 

5 50 

435 

3 97 

138 

507 

4 06 

876 

1*98 

4*33 

1 10 

178 

3*10 

50 

140 

1*51 

I 63 

*•53 


1*77 

110 

1*49 

% 

March . 

300 

80 

1*50 

1 50 

*45 

179 

109 

9* 

31S 

1 89 

1*63 

^nl. 

1 54 

*45 

480 

I 30 

3 4 « 

81 

1'56 

5 * 

411 

67 

i’ 4 > 

'56 

May .... 

*‘15 

* 10 

i 00 

3*10 

I7B 

165 

1 38 

>49 

191 

3'47 

75 

*79 

Jue ... .y. 

179 

3>5 

a 10 

3*00 


3 ^ 

ri8 

J 5 * 

77 

4* 16 

1*40 

5 ^ 5 » 

'“ij. 

1 60 

1 75 

160 

I 00 

3 80 

1 96 

* 4 * 

1 64 

1*46 

l'7l 

*•46 

4‘*9 

Aom .. . 

3*00 

3‘»5 

390 

3’io 

489 

177 

448 

3*9 

3*35 

406 

47 * 

v 43 

3 7 * 



400 

581 

340 

330 

4*1 

671 

7 55 


m 

Oetober 
^ Kovember ^ 


4 lt 5 

850 

350 

495 

499 

441 

5 ** 

710 

7*14 

S '55 

3»7 

568 

100 

340 

416 

4*'7 

3 01 

4 57 

4 57 

4*53 

419 

Deoember , 

3-40 

yis 

6*00 

360 

5*3 

> 5 * 

3*19 

>55 

458 

470 

1**4 

i*6r 

XdUIi. 

J «-54 

36 11 

46*80 

» 7 e 

♦ 5 ' 5 * 

35*50 

JUS 



*••471 
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IRELAND. 


Oaklow 


DiviaJon XXI.—LBivftXEB {cmiUnwtd), 

I Kikq's Oo. I! Wicklow, 11 Duilin 


iP^i^Wiigton TuIImuom 


Fawwroo, 

Bray 


Division XXII.— 

CofflfAUOHT. 


Dalwat. 


Qlaauevin I Cregg Park 


1 fL Oin. 
291 ft. 


1 ft. 2 in 
210 ft. 


3 ft 0 m 
235 ft, 


5 ft, 0 m. 

im ft. 


3 ft 0 in 
1,30 it 


0 ft. 0 in. 
30 ft. 


874 1875 1874 . 1976 1874 1875 l| 1874 1876 . i 1874 . 1875 1874 . 1875 1874 , 1876 . 
























































REPORT— 1876 , 




NirUh Report of the Committee^ consnting of Prof. Everett, Sir W. 
Thomson^ F.R S., Prof. J Clerk Maxwell, F.R.S., G. J. Symons, 
F.M.S., Prof. Ramsay, FRS , Prof A. Geikie, P.R.S., James 
Glaisher, F R.S.j GroKOE Maw, F.G S , W. Pengelly, F.R S., 
Prof. Hull, F R.S , Prof Ansted, F R S., Prof, Prestwich, 
F.R S., Dr. C LeNe^k FosT^R, Prof A S. IIerschel, G. A. 
Lebour, F.G S , and A. B Wynne, ap})ointed for the purpose of 
investigating the Rate of Increase of Underground Temperature 
downwards in various Localities of Dry Land and under Water. 
Drawn up by Prof. Everett, Secretary 

A REMARKABLE serics of observations have recently boon taken in a boring 
at Speronberg, near Berlin. The boro was earned to the depth of 4052 
Rhenish (or 4172 English) feet, and was entirely m lock-salt, TMth the excep¬ 
tion of the first 283 feet, which were m gypsum with some unhydnto The 
observations were taken uuder the direction of Herr Eduard Bunker, of 
Halle an der Sualc, and are doaenbod bj huu in a paper occupying thirty- 
two closely pnntcd quarto pages (206-23S) of the ‘Zoitsrhiitt fur Beig-, 
Hutton- nnd Salinen-Wesen ^ (\x Band, 2 and 3 Liefemng Berhii, 1872). 

The instrument employed for measuring the temperatures mus the earth- 
thennometor of Magnus, which gives its indications by the overflowing of 
mercury, which takes place when the instrument is exjiosod to a higher tem- 
jHJrature than that at which it as set. To take the reading, it is immerfied 
in water a little colder than the temperature to be measuied ; the tompera- 
lure of this water is noted by means of a normal thennometer, and at the 
same time the number of degrees that are empty in the earth-thermometer la 
noted. From these data the maximum temperature to which the instrument 
has been exposed can lie deduced, subject to a correction for pressure, which 
is not very large, because the same pressure acts upon the interior as upon 
the extenor of the thermometer. 

In the following resume (oa m the onginol paper) temperatures are ex¬ 
pressed in the Reaumur scale, and depths m Rhenish foot, the Rhenish foot 
being 1*029722 English foot 

Observations were first taken, at intervals not exceeding 100 feet, from the 
depth of 100 feet to that of 4042 feet, the temperature observed at the former 
depth being 11®, and at the latter 38®*6 ; but all those observations, though 
forming in themselves a smooth senes, were afterwards rejected, on the 
ground that they were vitiated by circulation of water and consequent con¬ 
vection of heat. 

^ It has often been supposed that though this source of error may affect the 
i^ddlc and upper parts of a bore, it cannot affect the bottom; but the Speren- 
befg observations seem to prove that no such exemption exists. When the 
boro'l^d attained a depth of nearly 3390 feet, with a diameter of 12 inches 
2 lines W the bottom, an advanoe-boro of only 6 inches diameter was dnven 
17J feen further. A thermometer was then lowered halfway down this 
Rdvance-Mre, and a plug wm dnven into the mouth of the advance-bore so 
as f 1 iBol^ the water cont ained in it from the rest of the water above. Alter 
twenty-eight hours the plug was drawn and the thermometer showed a tem¬ 
perature 3d®*0. On the following day the temperature was observed at the 
same depth without a plug, and found to be 33®* 6. Another observation with 
the plug wai then taken, the thermometer (a ftosh instrument) being 
twenty-four hours in its position. It registered 8G°*6, and again, without 
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pliigg^ug, it gave on the same day 33°*9 It thus appears that the effect of 
convection wras to render the temperature in the advance-bore 3° R. too low. 

Apparatus was then employed for isolating any portion of a boro by means 
of two plugs at a suitable distance apart, with the thermometer between them. 
This operation was found much more difficult than that above desenbod, but 
iu several instances it gave results which were deemed quite satisfactory, 
while in other instonccs the apparatus broke, or the plugging was found im¬ 
perfect The deepest of the successful observabons by this method was at 
2100 feet, and the shallowest was at 700 feet. The first 444 feet of tho boro 
were lined with iron tubes, between which the water had the opportunity of 
circulating even when the innermost tube was plugged , hence the observations 
taken in this part were rojeotod. 

All the successful observations are given in the third column of the follow¬ 
ing Table, subject to a correction for pressure; and, for the sake of showing 
the error due to convection in tho oidmary mode of obseiving, tho tempera¬ 
tures observed at tho same depths when no plugs were used are given in the 
second column .— 


Depth in 
feet 

Toinperat ur 

W itbout 
plugging 

0 Rtaunmr 

With 

plugging 

1 

Differeuos 


0 ^ 

0 

0 

700 

10 08 

17 06 

0 98 

900 

17 18 

18 5 

132 

1100 

1908 ! 

208 

172 

1300 

20 38 

21 1 

0 72 

1500 

22 08 

22 8 

0 72 

1700 

22 9 

242 

13 

1900 

248 

25 0 

1 1 

2100 

208 

280 

12 { 

3390 

34 1 

3615 

206 

I 


These temperatures are not corrected for pressure, but they are corrected 
for nse of zero m the normal thermometer; and this last circumstance 
explains the difference of 0 4 between the temperature 36®* 15 here given and 
which 18 the mean of the above-mentioned observations at the depth 
of 3390 feet. 

Another pi oof of tho injurious effect of convection was obtained by com¬ 
paring the observed temperatures (without plugging) m the first ^00 feet of 
the great bore, designated Bore I., with the temperatures observed at the 
same depths dunng the sinking of another boro, designated Bore IL, near it, 
the observations in this latter being alwajs taken at the bottom. The fol¬ 
lowing were the results — 

' Temperature 


Depth in 
feet. 

Bore I 

0 

Bore 11. 

o 

lOO. 

11*0 

9*0 

200 . 

. 11^0 

10*4 

300 . 

. . 12*3 

116 

400 . 

. 13*6 

12*6 


.The temperature at the depth of 100 feet in the great bore thus appeara 
to have been raised about 2° R by oonvection. 

The followiiig is a Table of tho successfhl observations, corrected for 
pressure;— 
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DfpiK In 

Tempsrttnrt 

Rbsniah 

Beftuntur. 

feot 

. Ir275 

7u0 . 

900 . 

.. . . 18-780 

1100 . . .. 

. 21 147 

1300 . . 

. 21*610 

1500 

. 23 277 

1700 . 

. 24 741 

1000 . 

. 2« 604 

2100 . 

. 28-668 

3390 . 

. 37-238 

Assuming, with Herr Dunker, the 

mean temperature of the surface to be 


7^ 18, which is the mean aiintial temperature of the air at Berlin, we hare 
the following increments of temperature with depth :— 


Deptlui m Rhentnh 
foot. 

Increment 
of depth 

Increment of 
Umpemture 

Increase 
per lOOfpet 
deg Ream 

Incresae 
per 100 feet 
deg Fahr 

Oto 700 

700 

10096 

?442 

§24 

700to tlOO 

200 

1506 

762 

1 69 

900 to 1100 

200 

2 337 

1 184 

266 

1 loO to l.'iOO 

200 

03(t3 

182 

*41 

ISOOtolfiOO 

200 

1767 

884 

190 

1500 to 1700 

200 

1404 

732 

166 

1700 to 1900 

200 

1763 

882 

108 

1000 to 2100 

200 

2164 

1082 

243 

2100 to 3590 

1290 

8 670 

664 

149 

1 0 to 3390 

3390 

30-068 

-887 

2-00 


The mean rate of increaee found bj oomparing the temperaturee at the 
BUiface and 3300 feet is exactly P Fahr. for 60 Khenkh or 51-6 Engliah 
feet. 

The numbers in the last two columns exhibit upon the whole a diminu¬ 
tion with iDcrcafie of depth, in other words, the temperature increases less 
rapidly as we go deeper down. As regards the first 700 feet, which exhibit 
a decidedly more rapid rate than the rest, it must be remembered that nearly 
half of this distance was in a difierent material from the rest of the bore, 
being in gypsum with some anhydrite, while all the rest was in rock-salt. 
Vjpt, Herschel has found, m recent experiments not yet published, that the 
conductivity of rock-salt is exceedingly high, and theory shows that the 
rates of increase, in superimposed strata, should be inversely as their conduc¬ 
tivities. We may therefore fairly attribute the rapid increase in the first 
700 feet to the relatively small conductivity of the portion (283 feet) which is 
not rock-salt. The slow rate of increase observed in the long interval between 
the depths of 2100 and 3300 feet is not so easily accounted fbr ; we can only 
oqnjectnre that this and the other inequalities which the above Table pre¬ 
sents, for depths exceeding 700 feet, are due to fissures or other inequalitiefl 
in the rock which have not been put in evidence. 

the view of summing up Iris results in small compass, Herr Dunker 
jhas assumed the empirical formiria— 

t 7*18 *4- 04? 4" ^4?*, 
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t denoting the temperature (K^aumur) at the depth a: (Khetiiah feet), and 
baa computed tho moat probable values of a and b by the method of least 
squares. He &ids 

a = -0129857 ft ■» - -00000125701, 

tho negative sign of ft indicating that Iho in crease of temperature becomes 
slower as the depth increases. 

A paper by Prof. Mohr, of Bonn, as represented by an abstract published 
in ‘ Nature* (vol. xii p. 546), has attracted attention from the boldness of its 
reasoning in reference to the Sperenberg observations. Prof Mohr, however, 
does not quote tho observations themselves, but only the temperatures calcu¬ 
lated by the above formula, which he designates, in his onginal paper (‘ Neues 
Jabrbuch fur Mineralogie/ &c., 1876, Heft 4), tho results deduced from the 
obBorvations by tho method of least squares.” In the abstract in ‘Nature* 
they are simply termed “ llie results of the thermometnc investigation of the 
Sperenberg bonng,” a designation which is still more misleadmg. 

Attention is called to the circumstanco that the Buccessive increments of 
temperature for successive equal increments of depth fonn an exact arith¬ 
metical progression, as if this were a remarkable fact ot observation, whereas 
it la merely tho result of the pnrticular mode of reduction which was adopted, 
being a mathematical oouseqnenoe of the assumed formula— 

< 7 18 -h ftx®. 

The method of least squares is not responsible for this formula, but merely 
selves, after ibis formula has been assumed for convenience, to give the best 
values of a and ft, 

Herr Bunker, in his own paper, lajs no stress upon the formula, and gives 
a Caution against extending it to depths much greater than those to which 
the observations extend. Writing to Prof. Everett under date April, 1876, 
ho requests that, m the sumiuary of his results to be given m the present 
Peport, the formula should either be suppressed or accompanied by the state¬ 
ment that its author reserves a different deduction. 

The following are the differences between the temperatures computed by 
the formula and tho oliserved temperatures:— 

IhffVrenoe (oompiit«d 


Depth. 

mtnvs observed) 

700 . 

. -1-621 

900 .... 

. . . . -1931 

1100 ... . 

, . . -1204 

1300 

. . . . +0-427 

1600 . 

. +0 663 

1700 

+ 0 882 

1900 . 

.. +0-811 

2100 .... 

.+0-238 

8390 . 

. -0-482 


The necessity of adopting some means to protent Uie circulation of wRtw 
in borsa has for some time been forcing itself npon the attention of your 
Oommittee. Many of the observations taken by their observers have oon-* 
Wined snob palpable evidence of convection as to render them manifestly 
useleea for the purpose intended ; and in tho light of the Sperenberg experi¬ 
ments it is diffloult to place much reliance on any observations taken in deep 
bores without plugging. Tho selection of a suitable fonn of plug ia now 
ooeupying the CmM attention of your Committoe, 
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Kerr Duiikcr’s paper gives a very full account of the different kinds of plug 
employed at Bperen^rg. 

For stoppnt^ the mouth of the advance-bore the ping hud a tapering shape, 
and was ot hard wood, strengthened by two iron rings, one at each end, and 
covered with a layer of tow 6 lines thick, outside of which was thick and 
•trong linen, nailed above end below to the wood through a leather strap. 
It was lowered into its place by means of the iron rods used for bonng; and, 
when in position wos pressed home by a portion of the weight of the rods. 
The plug earned the thermometer suspended from it. Its extraction was 
commenced by means of a screw on the beam of the boring-machine, in order 
to avoid a sudden jerk, which might have broken the thermometer. Tbeforoo 
which was found necessary for thus starting the plug, as well os the impres¬ 
sion observed upon it when withdrawn, showed that it had fitted tight. To 
insure a good fit, the top of the advanco-bore bad been brought to a suitable 
shape, and its inequalities removed, by moans of a revolving cutting-tool. 
Herr Hunker remarks that this plan is adapted to a soft matonal like rook- 
salt, but that in ordinary hard rock it would be better to make the bottom of 
the roam bore flat, and to close the advauco-bore by an elastic disk pressed 
over it. The method of observation by advance-bores can only be employed 
during the sinking of the bore, a time when it is difficult to avoid error arising 
from the heat generated in bonng. The expense of making an advance- 
bore at each depth at which an observation is required is also an objection to 
its UBO. 

Another kind of plug devised by Herr Hunker, and largely used in the 
observations, consisted of a hag of very stout india-rubber (9 millimetres 
thick) filled with water, and capable of being pressed between two wooden 
disks, one above and the other below it, so as to make it bulgo out m the 
middle and fit tightly against the sides of the boro. On the suggestion of 
bore-inspector Zobel, the pressure was applied and removed by means of 
screwing Two steel springs fastened to the upper disk, and appearing, iu 
Herr Hunker’s diagram, very like the two halves of a circular hoop distorted 
into an oval by pressing against its walls, prevented the upper disk from 
turning, hut ofiered bttle resistance to its rising or faUing. The lower disk, 
on the contrai'V, was permitted to turn. Both disks were carried by the 
iron boring-rods, llotation of these in one direction screwed the disks 
nearer together, and rotation in the other direction brought them further 
apart. The indio-rubber bag could thus be made to swell out and plug the 
boro when it was at the desired depth, and could be reduced to its originai 
size for raising or lowering. In order to prevent the boring-xods from be¬ 
coming unscrewed one from another, when rotated backward, it was neces¬ 
sary to fasten them together by clamps, a rather tedious operation in working 
at great depths. 

In taking observations at other points than the bottom, two of these plugs 
were employed, one above and the other below the thermometer. 

In some of the experiments, the apparatus was modified by using linen 
begs fiUed with wet day, instead of india-rubber bags filled: with water; 
and, instead of screwing, direct pressure was employed, the lower disk being 
supported by rods extending to the bottom of the bore, while the upper disk 
oou^) be made to bear the whole or a portion of the weight of the above 
it. Some successful observations were obtained with both kinds of bag; bat 
the water-bags were preferred, as returning more easily to their original sice 
when the pressure was removed, and consequently being less liable to isjuiy 
in extraction. In some observations sinoe taken in another place (Saoen* 
beig), Herr Hunker statca (in the private letter above refinred to) that 
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{hdi4-rubbor bags, filled 'with water, and pressed, not by screwing, but b} 
tiie weight of the rods, were employed with much satisfaction 

All the methods of plugging employed by Herr Bunker inrolvod the use 
of the iron rods belonging to the bonng-apparatus and therefore would bo 
inapphcable (except at groat oxiienso) after the operation ot honng is finished 
and the apparatus removed 

It soems desirable to contrive, if possible, some plug that can be let down 
and raised by a wire In the first report of your Committee, it 'v\ as suggested 
that two bags of sand, one aliovo and the other below the thermometer, 
riiould be us^ for this purpose Bags of sand however would be liable to 
rub off pieces from the sides of the bore, and thus to become jammed in 
drawing up Hr Lebour has do\ ised a plug which 'will be of small diameter 
during the processes of lowering and raising but can be rendered large and 
made to fit the bore, when at the proper depth by letting down upon it a 
diding weight suspended by a second wire Sir W Thomson suggests that 
a series of india-rubber disks, at a considerable distance apart, will pro 
babW be found effectual 

Hr Boot has continued his observations in the boro which ho is making 
at Swindorb}, near Bcarle (Lincoln) It has now been carried to the depth 
of 2000 feet, and is in eartny bmostonc or calcareous shale of Carbouifeious 
ago Its diameter in the lower part is only inches In April lost tlio 
temperature 78° T was observed at lOiO leet and more recently 79° F 
was observed at 2000 feet—the water m each case, having been undistorbod 
1(0T a month Supposing those results not to bo vitiated by convection, and 
assuming the mean temperature at the surface to be 50° wo havo an increase 
of 29° in 2000 foot, which is at the rate of 1° in 69 feet 
Hfr Symons has taken a senes of observations at the depth of 1000 feet in 
the Kentish Town well, with the view of determining whether the tompe 
rature changes The instrument emplojod is a very largo and delicate 
Phillips a maximum thermometer The following is a list of the obser 
votions — 


Date of lowenng 

D( pth 
indioated 

Thermo 
meter 
set at 

Date of 
raising 

Depth 

inOioatod 

Ton^ratiire 

Fahr 



feet 

&60 



feet 

o 

ia 74 — 


1000 

1874 , May 

8 

1007 

0682 


8 

2 

1000 

1000 

6380 

6320 

July 

Julj 

2 

28 

1000 

1005 

(rcadin|Jost) 

July 

28 

1000 

6 S10 

Sept 

8 

loot 

07 61 

f>ept 

8 

1000 

a'lso 

Sept 

29 

loot 

67 43 

Bept 

29 

1000 

6681 

Got 

30 

1006 

67 68 


30 

1000 

63 40 

Dec 

3 

1006 

67 52 

Deo 

3 

lOOO 

6380 

1876 Jan 

7 

1009 

671 »H 

W6 Jon 

7 

1000 

68 7 o 

bob 

1 

1000 

07 56 

F«l) 

1 

1000 

03 JO 

Mur 

3 

IOOj 

67 }S 

K*p 

3 

1000 

03-90 

May 

3 

1000 

07 62 

May 

3 

1000 

03 95 

June 

1 

1 (K>6 

67 49 

June 

1 

1000 

83-00 

July 

7 

1006 

67 63 

July 

7 

1000 

0887 

Aug 

3 

1004 

67 68 

Aug 

3 

1000 

63 87 i 

Sept 

10 

1004 

67 68 

fa-1—V 
DiPCp 


1000 

OtOO 

Oct 

2 

1003 

67 58 

o3r 

2 

1000 


Dot 

19 

1004 

67-62 

Oat 


1000 

03 80 

Not 

1 

1006 

0762 

mKmm 

1 

1000 

0370 

Deo 

1 

Wire broke j 


Jtfro. 
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The “ depth indicated ” ie ihovn by a tneasuring irheel or 
' which the wire runs b}' which the thermometer is raised atid loweted^ *• 
described, with a diagram, in the iteport for 1809, The above TabU 4 iowb 
that there la always some strotohing, real or apparent, in the inte/val be¬ 
tween lowering the thermometer and rawing it again. Becenfc observatioliti 
by moans of n fixed mark on tho wire, ha^ o Bhown that the change if iiott 
m the juain, a permanent elongation, but an allomation of length* II i» 
probably due in part to the greater tension which the wire is under in rib* 
ing than in lowenng, a ciroumstnnoo which will cause a temporary diffiMS 
ence of length vanablo with tho rapidity oi winding up; also in part tO thO 
ciroumBtanco that the wire is warmer w'hen it has just loft the water than 
when it ifl about to l>e let down. Home portion of the irregularity obeorved 
may be due to variations of temperature in that part of the well (210 foet) 
which contains nir The observations, taken as a whole, show that gny 
variations of temperature which occur in this well at the depth of 1000 ft#il 
are so small as to be comparable with the almost inevitable errors of ob¬ 
servation. The ohnervationa will he con tinned at intervals of sii months, 
with additional precautions, and with an excessively slow (specially otfti- 
struoted) non-registormg thermometer, in addition to the maximum that- 
mometer hitherto emplojod. 

Through tho kindness of tho eminent geologist M. Dolcsse, of the Eoolo 
Normalo at Parw, observations ha\o been obtained from tho coal-mines of 
Anzin, in tho north of Prance, llioj wore token under the direction of 
M. iluriillj^, chief engineer of tlicso mines. Maximum thermometcri jrf 
the protected Negrotti pattern were inserted in holes bored honson^y W 
the depth of 0 or *7 of a metre m tho sides of shafts which were Ul fW- 
cess of sinking, and in which there was but little circulation of Sir* A 
quarter of an hour was allowed to elapse in each case, after the boriiig of 
the hole, before the thermometer was inserted and the hole pluggodi Fewt 
different shafts were tried. Those designated as Nos. I., II., Ill- WsHl tb 
tho mine Cbabaud La Tour, and No. lY. was in tho mine Renard, 

In shaft I. observations were taken at eight different depths, commencing 
with tho temperature 6fi]° F. at a depth of metres, and ending wltb 
G7|° F. at 200*5 metres. 

In shaft II there were observations at four depths, commencing with 
66 ® at 87*8 m., and ending with 63J® at 186 m. 

In shaft III, there were ohsorvations at three depths, commencing with 
66 ° at 87*8 m., and ending with 62J" nt 144 m. 

These three shafts, nil belonging to the same mine, were very W^t, and ^ 
the temperature of tho air in them was 11® or 12° C. (62® or 64® P.). 

In shaft IV., which was very dry and had an air temperature of about 
16® C, (59® F.), observations were taken at six depths, commenblli| with 
70|° F, at 21 *2 m., and ending with 84° F. at 134-8 m. 

The moon rates of increase deduced from these observations are i— 


Shaft 

Ini’ 

F. 

in 14-4 

m., 

or in 47*2 feet, 


IL, 


11-6 

m.. 


87-7 

11 


III., 


8-05 

m, 

11 

28*4 

11 


IV., 

fy 

8-67 

Zlli, 

11 

28-1 



The observer mentions that in shaft U. there was, at a depth of ^ Ih., A 
seam of coal in which heat was generated by oxidation; but hd ffoA 
remark ia made with respect to any of the other sb^, althottlh H ^ 
obvious that some disturbii^ cause has rendered the temperature 
IV. abnormolly high. Possibly tho heat generated in bonng the 



ON NITBOVS OXIDB IN tttt CUtBOV* AND LIQUID STATES. All 


ik» in Ibis shaft (which Was dnrjl has titiated the obsemti<ftiB« 

the Jmslrame&ia employed being maximum themometers# Two of the Slow 
noi^regictenng thermometers mentioned in last gear's Report hare been 
s«at to M. Deiesse^ to be used for rerification* 

The slow-action thormometors are oonstrUoted on the following plan;—> 
The bulb is cylindrical and very strongs and is surrounded by steanne or 
tallow, which fills up the space between it and a strong glass shield in 
which the thermometer is inclosed. The shield is not hormeticaUv sealed 
(not being intended for protection against pressure), but is 6top[)ea at the 
bottom with a cork, so that tho thermometer can bo token out and put iti 
again if desired. Htcarino and tallow wero selected after tnals of seTeral 
substances, including paiaffln-wax, bcos’-wax, glue, plaster of Paris, pounded 
gloss, and cotton-wool. Tho thermometers are inclosed jii copper cases 
fined w ith india-rubber. AVhen placed, without these casts, in water dif¬ 
fering 10° from their own tcmpciaturo, they take nearly half a minute to 
alter by one tenth of a degree. 

In concluding this Report, your Committco desiie to express their regret 
at the losses which they have sustamed by the deaths of Prof. Phillips, Sir 
Charles Lyell, and Col. Strange, of whoso valuable services they have been 
deprived within tho last thieo years. 


Nitrous Onide m the Gaseous and Liquid States, 

* By W. J. Janssen. 

[A conmuml^tlon ordered by tho General Committee to be printed in 

The experiments of Faraday on tho liqUefacilon of gases have already proved 
that gases at tho ordinary conditions of pressure and temperature are tapours 
at a remote stage from their points of condensation. If several gases Bub*- 
mittod to groat pressure and the cold of the carbonic and and ether bath 
did not exhibit any appealanco of liquefaction, tho cause is probably that 
Faraday did not obtain a temporaturo low enough to produce liquefaction, 
lienee we may conclude that the gaseous and liquid states of matter depend 
only on tho temperature and pressure to which it is exposed. Tlie interest¬ 
ing experiments of Dr. Andrews with carbonic acid (Philosophical Trans¬ 
actions for 1869) not only verified this concliiflion, but gave the important 
wult that gases and luiuids are distant stages of the tame condition of 
matter, which nlay pass into one another without breacJi of continuity. The 
temperatnre at which matter, without sudden change of volume or abrupt 
abw^tioii of heat, posses from the ordinary liquid to the ordinary gaseoas 
iUte is called by Dr, Andrews tfio critical point, above thot temperature a 
gM never can be liquefied by pressure, it behaves like a permanent gas i 
below that terai>erature it will be liquid or gas, or more exactly liquid or 
vapour, according to the pressure to which it is exposed. For the details I 
refer to tho above-mentioned paper. 

I have made tho same kind of oxwriments with nitrous oxide, a gas whoso 
pbysioal properties agree much with those of carbonic acid. The appaiatua 
iras ^ntuor to that used by Dr. AndrewSi to whom I am much indebted for 
great hindness with which he has afforded me everv instruction, and for 
fill invaluable advice about thb use of his apparatus during mj stay at Belfhst 
1 ^ afferwards. 

r 2 
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As my cxpoiimonts with nitrous oxide presented anomalies which did not 
occur with carbonic acid, I first mode somo experiments with the latter gas, 
lu order to try whether they were to be ascribed to observational errors or to 
the nitrous oxide I used. The results are given in the following' Tables, 
where 9 is the fraotion roprosonting the ratio of the volume of the air after 
ind before compression to one another at the temperature t, c the correspond¬ 
ing fra<;tion for the carbonic acid at the temperature t', and I the number of 
volumes which 17,000 volumes of carbonic acid, measured at 0° and 760 
nullims., would occupy at the toin}>orataro and pressure of the obsorvaiioiu 
The number 17,000 has been token as unit to compare those Tables with 
those of Andrews. 


Tabit; I.—Carbonic Acid at 21°*45 C. 




e 



1 

ts 70 

vVis 

\ 

lOA 70 

2 i 44 

173-0 

f9Hl 

13 IS 

1 

)1J .0 

21 17 

1021 

1 

j 60 0^ 

12 20 

1 

l«M 

21-41 

111-7 

1 

12 20 

1 

*^0 10 

21 49 

52 4 ' 

1 

IB 

] 2'40 ' 

1 

427 

2150 

j 

42 9 


Table II. — Carbonic Acid at 3P 16 C. 
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e 

t 


1 1 

1 64^ 

10 51 

\ 

HtflSO 

31 20 

173-6 

1 

67 

10 o« 

1 

124 6 

31 12 

152-4 

i 

eu-tj 

1 

10 GO 

1 

liU 7» 

31-19 

142 8 

1 1 

j 7oo<r 

10 .10 

1 

110 21 

31 13 

135-2 

1 

, 720S 

10 07 

1 

I.VJ 76 

31-11 

121-7 

* 1 

73 36' 

I 

lo-ao 

1 

KB a 

31-18 

112 8 

* 1 i 

74 60 

10 62 

1 

200 66 

31 14 

9r-7 

1 

76 3ir 

10 05 

1 

s;9j J7 

31-13 

04-0 

1 ' 
78 66 1 

10 30 

1 

ayol* 

31-19 

61-1 

1 

M40 

10-30 

1 

5»7l3 

31-15 

47-4 
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llioso rcHults agree closely with the oxporimcDts of Dr Andrew s at tlio cor¬ 
responding temperatures, the differences being only 0 2 of an atmosphere At 
21®*47 the gas passed into the liquid stito nt a pressuro of o9 8 ulmosphercs, 
whilst its volume had diminished from 17,000 h) 1(52 ; with Dr, Andrews 
this pressure amounted to 00 05 atmospheres, and the corresponding \olumc 
of the carbonic acid to 100, As the quantity of atr in my cose was about 
of the entire volume of the gas, the increase of pressure to liquely tho 
whole after liquefaction had begun, amounted to about 2 4 atmospheres, n/ 
from 69 81 to 02*18, Tho critical temperature 1 lound to be 30®*87. It 
will be observed that the pressures are those indicaU'd by the nt^paront con¬ 
traction of tho air in the air-tube. 

In tho following Tables ^ and e ha\ e tho same meaning as before, but ap- 
phed to nitrous oxide ; f, however, lepresents tho number of volumes whni 
1000 volumes of nitrous oxide, moasuiod at 0° and 760 millims., would oc¬ 
cupy at the temperature and pressure of the observation The experiments 
were made at tho temperatures of 25°*16, 32° 2, 3b® 1, 38° 4, and 43°*8, two 
series below, and three above, the cntical point, which was found to varj 
between 36® 3 and 36® 7. Tho appearances were the same as with carbomc 
acid. 


TiBLL 1.—Nitrous Oxide at 25® 1") 




e 


f 

1 

ftl w 

i 

5 51 

1 

78 M7 

26 00 

13 83 

1 

Mia 

6 20 

1 

2511 

11 50 

1 

M sT 

o7:» 

lOi o<» 

2516 

10 56 

1 

4i)8 

1 

110 DO 

26-] 0 

7-14 

i 

li0 7S 

I OH 

1 

310 

25] 9 

5*04 

1 

63 84 

1 OS 

1 

25-10 

3 61 

I 

66 80 

4-55 

1 

348 61 1 

1 

25-19 

3 10 

1 

7uaT 

6 02 

1 1 
59r73 

2511 

2 77 

1 

73 U3 

4-98 

1 

41J o6 

2510 

4 

2 05 

1 

4 98 

iim 

2510 

2 01 

1 

TtTCr 

4>12 


2510 

2-57 

1 

84ir 

4-18 

1 

431 nA 

\ 

2510 1 

1 

2 53 
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rADLH II —Nitiou# Oxide ufc JJ" 2 


^ 1 

i j 

tf 

t 

/ 

1 

1 

8 07 

1 

60 1 

32 17 

18 (i2 

i 8 


1 

32 28 

17 10 

1 

b\29 

15 8^ 

1 

7 U 

32 21 

lo 33 

1 

.w 70 

3 40 

1 

8t 3 

32 18 1 

1 13 21 

1 

0 4 

o dJ 

1 

iwio 

82 21 

1241 

1 1 
0 L I 

o LI 

> 

0 

1 {iij 

10 42 
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lABiiU III —NitrouB Oxido ut dO 4 
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Tablk IV —Nitrous Oxide at 3S° 4 
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Taltb V.— 

Nitrous Oxide at 43®'8. 
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Comjmnug thcBo rcaulU for nitrous oxido with thohc for carbonic acid found 
by Dr, Andrews, wc find Iho compressibility of the two gases nearly the same 
at temperatures equidistant fiom their critical points At the toinperuturo of 
25®'16, liquefaction begins under a pressure of 57*8,‘1 atmospheres , at 32® 28, 
the gas passes into the liquid state under a jiressuro of 07 45 atmospheres. at 
this point a great diminution of volume occurs, but not abruptly as in tho case 
of carbonic acid; tins must be nsenbed to the piescnco of a greater quantity 
of a permanent gas m the nitrous oxide 

In the liquid state, nitrous o\ido fields as much to pressure as carbonic 
acid; tho rate of expansion by heat will bo therefore very great. This is a 
confirmation of the results of Driou (Ann. do (Jhim. ct de Thys. t. Ivi, p, 37), 
that the coefficient of expansion of volatile liquids at a temperature still below 
the ontioal point grows equal to tho coefficient of expansion of gases and in¬ 
creases further, till at the critical point it may attain to a \alue any number 
of times greater than that of air. 

At temperatures above tho cntical point, tho volume of nitrous oxide 
diminishes wuth tolerable regularity with increase of pressure, though much 
faster than according to the law of Boyle, tho higher tho temperature tho 
more the compressibility approaches to that of a perfect gas. Y^en tho gas 
is reduced to the volume at which it might bo expected to liquefy, no trace 
of liquid is to bo scon, tho whole mass of tho gas remaining homogeneous; 
but a rapid diminution of volume occurs from a small increase of pressure < 
this diminution of volume is not abrupt as m the case of liquefaction, and 
diminishes greatly at higher tempeiatures. 

The anomalies preflent(3d by nitrous oxide were : — 

1. Under a given pressure ond temperature tho volume of tho compressed 
gas 18 variable, or vice vend. This anomaly is ^ cry obvious in that condition 
of matter where a rapid diminution of volume occurs at a small increase of 
prosiure; under a given volume of the gas tho difforenoo of pressure can 
amount here to 2 atmospheres, in the other cases this difference is very 
•Bght, about 0*2 to 0*4 of an atmosphere. This appears ^rom the following 
results;— 
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2 The pressui-e leqmrcd to liquefy the nitrous oiido and tho volume of 
this gu at the bogmoing of liquofaction uro vanablo 

Tho pressure required to liquefy tho gas at J'tP 15 lecordod in Table I w 
the mean of tho following observations — 
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Th« following senes of expciiracuts was peilonned m Uie course of a 
day — 
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tfe* gioatcst difference of pr^wure umouhtod to 2 atmoemhetes, as 
tfQ9 tho nejrt »ene« »f exjtertments 
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3. After lujuefaction hus Logan an increase of pressure of 16 atmospheres 
or more is icquired to liquefy the whole mass of the nitrous oxide ; for at 
25°'17 liquefaction began at n pressure of 57 ^3 atmospheres, whilst the 
whole was liquid at a proHsurc ot 73 (i8 atmospheres. At 32^*2 I found the 
commencement of li<iuefacUou at a pressure of 07 63 atmospheres, and the 
termination at a pressuio of 84 OU atmospheres For carbonic acid, that was 
mixed with foVu increase of pressure amounted to 1*5 at¬ 

mosphere. Had the gas been pure no increaso of pressure could Lave oc- 
ciurcd. lliia shows that a giciter quantity of a permanent gus must he 
mixed with the nitious oxide» the varmtions ol the volume of the gas under 
a given pressure and temper at no result iicrhaps from its whole mass not 
being homogeneous, ns the diminution ol the volume is too fast to allow a 
IieipEct diffusion of the two gust**. 

The gas used for these experiments was pioparod from pure nitiute of am¬ 
monium. The salt was carefally hciited in a tin bath in order to prevent any 
decomposition of tlio hbeiated gas by a too urcgular heating when directly 
exposed to a flame. It was washed by transmission through a strong solu¬ 
tion of caustic potash and dried over sulphuric acid. The caustic potash de¬ 
composes any sohd particles of the salt that might bo earned over mechani¬ 
cally and retains the nitric acid, whilst the free ammonia is absorbed by the 
sulphuric acid Purified in this manner, the gas was made to pass through 
the glass tube wherein it was to bo compressed. A pressure of about 00 to 
100 miUims. of raorcury was requiied to maintain a moderate current of gas 
through the capillary bore : this current was continued for five houi*s or more 
in order to ensure the complete removal of the air; the capillaiy end was then 
sealed and tho othci end ini reduced under incrcur> As the experiments 
with the tube filled m lliis manner indicated alwajs tho presence of a per¬ 
manent gas, I tried afterwards to remove the aii by exhausting the tube with 
the nir-pump and then to fill with the gas; this operation was successively 
repeated from twenty to thirty times, but with no other result. 

As I could not get tho gas pure by heating nitrate of ammonium, I tried 
to get it from liquid nitrous oxide as it is made in iron bottles inTiOndon ; it 
was probable that tho permanent gas would escape first and the nitrous oxide 
remain pure. This, how over, did not occur, and I got nearly the same result 
as bef 

In order to prevent diffusion as much as possible, all the caoutobouo joints 
were besmeared with a solution of tar and asphalt, and tiie current of gas 
issued under sulphuric acid. Tho amount per cent, of this permanent gas 
was determined in the following manner:—The absorption-tube of Bunseifs 
absorptiometer was partly filled under water ynih nitrous oxide and then left 
standing three days or longer. The whole of the gas was not absorbed; 
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there remained a certain quantity, about ^ to ^ of tho entire volume, or 
about 3 6 to 5 por cent. 

This permanent gas cannot bo nitric oxido nor oxygen; for the current of 
nitrous oxide being made to pass successively through strong solutions of suU 
pbate of iron and of pjrogollate of potassium, these solutions did not change 
colour. 

Tho only known permanent gas that could be disengaged is nitrogen. It 
is a known fact that nitrato of ammonium, lu presence of spongy platinum, is 
decomposed at 100° into nitrogen, nitnc acid, and water, the same decom¬ 
position of a part of tho salt could ha\o been offocted by the asperities of tho 
inner surface of tho retort. Tins quantity of nitiogen would exert a con¬ 
siderable influence on tlic specific gravity of tho gas Tho theoretical specific 
gravity of pure nitrous oxide is 1 o24; but being mixed ivith mtrogen to an 
amount of 3 5 to 5 per cent, it should bo found much smaller, 1*504 to 1*490 
respectivcdy. Tins result, however, does not accord with actual expenmont 
The specific gravity of nitrous oxido, prepared from nitiato of ammonium, 
was determined according to the method of Bunsen (‘Gasom, Methoden,' von 
R. Bunsen), for that purpose 1 used a balloon of 200 cubic contims. Four 
experiments gave the following results .—1 531, 1 525, 1 520, and 1*627 ; 
tho mean value is 1 528, agreeing vei} well with the llicoreticnl specific 
gravity of pure nitrous oxide, but giving u diflPcrcnco of 0 024 to 0 032 from 
tho specific gravity that would have been found if tho gas hod been mixed 
with nitrogen. The^c diffoioncos aie too laigo to be accounted for by ex- 
penmontol erroi*s. 

An analysis of nitrous oxide was made according to a somewhat modified 
method of Franklaiid and Ward. Tho hydrogen used in these experiments 
was obtained from tho electrolytic decomposition of water, and the oxygon 
was generated by heating mercuiic oxido. To ensure that tho mercuric 
oxide is free from nitrogen, it must bo prepared by precipitating corrosive 
sublimate with caustic potash. 

Throe analyses of air gave the following satisfactory results :— 


Nitrogen .... 70*18 70 15 70*10 

Oxygen . .20 82 20 85 20 90 


100 UO 100*00 100*00 

Tho following arc tho results of tho analysis of nitrous oxide :— 

I. Ntiroui oxt<le ohiained from the liqwd mirons oxtde of an iron hottle* 

(1) Volume of nitrous oxido used . , . 117*39 

Volume after the admission of h}drogen . 203 62 

Volume after explosion . . . 14912 

Volume after the admission of oxj gen , . 206 88 

Volume after explosion, . . , . . 160 19 


Hence tho volume of tho hjdrogcn 146*23, the volume of the oxygen 
57*76, and the contraction after tho second explosion 46 60. 

The remaining volume (160*19) ia a mixture of only nitrogen and oxygen, 
where tho amount of oxygen is 67*76—x 46 69ai42*20; hence tho volume 
of tho remaining mtrogen 160*19—42*20mll7‘99. This volume is by 0*0 
larger than tho volume of tho nitrous oxide used \ hence tho amount per 
cent is 0*52. 

The amount of hydrogen that remained after the first explosion is | x 
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46 * 69 ttdl' 12 f therefore the alnount of hjdrogen required io dotttblttl iMlfii 
the oxygen of the nitrous oxide is 146 * 23 — 81*1 ami 115*11 ; hotioe 
volutno of the oxygen contained in thd nitrous oxide Is eqilal tO 
differing bj 1*90 per cent, from the calculated volume of oiygon, wiiiob is 
UTi^-56 09. 

Hence in 100 volumes of nitrous oxide we hnd 

Bjr oippiimenl C^altuilalofl 


Nitrogen .. 100 52 100 

Oxygen. 49 02 50 

(2) Volume of nitrous oxide used *. IIG 93 

Volume after tho ndmission of h}diogen .. , 200*20 

Volume nfler explosion . ... 161*09 

Volume alter tho admission of oxygen .. , . 207*19 

Volume after explosion. . 166*71 

Hence in lOO volumes of nitrous oxide— 

By fxpermirul. Cnlcnlated. 

Nitrogen . 100 38 lOO 

Ox)geii . .. 49*14 50 


(3) Volume of nitrous oxide usd .. . .. .. . 

Volnmo after tho admission of hydrogen 
' Volume after explosion ... ... 

Volume after the adml‘8io i of exygen, . . 
Volume after exploriou.. 


120 42 
284*38 
100*65 
217*53 
107*26 


Hence in 100 Tolumcs of the gas— 

By expennic it JCaloulnted. 
Nitrogon . , 100*40 100 

Oxygon. 40*22 60 

(4) Volume of nitrous oxide used. 149*39 

Volume after (ho admission of hydrogen .. 346*92 

Volume after explosion. . 199 66 

Volume after the admission of oxygen , 326*34 

Volume after explosion . . . ... 252*43 


Hence in 100 volumes of tho gas— 

By exporimont OalculnUjd 


Nitrogen . 190*06 100 

Oxygen. 40 28 60 


IT. iftfrows oxvle obtained 6»/ hating nifraie of an\m<n\ium. 


(5) Volume of nitrous oxide iised. 

Volume after the admission of hydrogen. 

Volume after explosion. 

Volume after the ndmission of oxygen. 

Volrtthe after explosion. 


128*20 

297-06 

171-29 

229*80 

106*68 


Hence in 100 volumes of ftie gas*- 

By e\perimcnt Oalcuint hI 

Nitrogen .I(t0*7;i JOO 

Oxygon. 19*42 50 
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(6) Volutbe of uitrotia oxide U 9 ed . 

Toltttne after the admission of hydrogen 

Yolomo after explosion.. 

Volamo after the admission of oxygen . 
Volume after explosion. 


123^83 
283-23 
1G2 73 
228 21 
166 09 


Hence in 100 volumoR of the gas— 

By experiment. 

Nitrogen . 100 61 

Oxygon . 4912 

(7) Volume of nitrous oxldo used 
Volume after the aflmission of hydrogen 
Volume after explosion 

Yolume after the admission of oxygen , 
Yolumo after explosion. 

Kenoo in 100 volumes of the gas— 

B}' exmrimeni 

Nitrogen .. lol GO 

Oxygen. 49*49 

(8) Yolumo of nitroufl oxide uswmI 
Yolume after the admission of hydrogen 
Volume after explosion . 

Volume aftet the admission of oxygen , 
Volume after explosion. 


CnlrtdaU'd. 


100 


60 

166 81 
343 27 
190*06 

1 1 • 

266 06 


218*80 

Cftlculaled. 

100 


60 

147-60 
340 10 

• * • • 

19618 

200*78 

220*18 


Hemoe in 100 Tolutnes of the gns — 

By oxpfiirncnt* 

Nitrogen . I0l*06 

Oxygen . 49 *32 

(9) Volume of nitrous oxide used ... 
Volume after the admiBsion of hydrogen 

Volume after explosion. 

Volume after tho admission of oXygen 
Volume after fexplosion. 


Caloulatcit. 

100 

60 

* • i 

165 62 

• * * 

303*19 

» • . 

200*91 

* • • 

271*40 

... . 

221*67 


in loo TolumoH of the gas— 

By experiment 

Nitrogen . 101*34 

Oxygen. 49*69 


Oflloulnfetl. 

100 

50 


(10) Voltitiwi of nitroue oxide used . 160*23 

VolumO iftor the odmisBion of hydrogeu. 367*88 

Voltiinii After explosion. 202*91 

Volume after the admission of oxygeh . 272*54 

VtdUlne after explosion. 211 *27 

Hcnco in 100 Toluines of the gas — 

By eAprrlii^it. CUlculHicd 

Nitrogen . 10l’l4 lOO 

Oxygen. 48*94 60 

IM Mly Etulnli 6t nitrons oxldo I found hi ButiMn’E' Gitsotti. Itethodofi * 
is (61 DIM 66. Here Qnfatolce ffltea the rosultt of eh enaljrsit of ntirie vtUUi 
to It added It tteoeured of nitrotis o«id« la dedex to eitot 

the eiqplosion, 
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Volnmo of nitric oxido uaod . , 20*91) 

Volume after the admission of nitrous oxido 102*44 
Volume after the admission of hydrofccu ,. 233*00 

Volumo after explosion ... . . 123*10 

Volume after the admission of oxygen , 167‘62 

A’^olumo after explosion . 122 08 

Henco we find, on tlio supposition that tlie lutrons oxido is 
amount of nitrogen and oxygen m the nitne oxide in 100 lolumos - 


pure, the 


Nitrogen 

Oxygen 


Bv oxpcnnjonf 

Calculated 

r>2 

60 

47 

60 

09 

100 


But, on the supposition that tho nitric oxide is pure, this anal5"8i3 gives re¬ 
sults according my own 


In 100 volumes of nitrous oxide we find— 

By exponinent Cnloidtitcd 

Nitrogen .... 100 08 100 

Oxygen.40 18 oO 


Tho general result of the«o analyses is — 

(1) Tho \oliimo of the oxygen in tho lufrous oxide ih Bmuller than tlie 
volume of tho nitrous oxide used by U 01 to 2 13 pci cent. 

(2) Tho volume of the nitrogen la larger than tho volume of tho nitrous 
oxido used by 0 38 to 1 06 ]icr cent. 

That tho \olumo of the oxygon is smaller than half tho volumo of tho 
nitrous oxido used can be explained by tho presence of a certain quantity of 
nitrogen, ranging from 0*61 to 2 13 per cent, a quantity much smaller than 
tho total amount of nitrogen mixed with tho nitrous oxide, which was found 
to be between 3 5 and 6 per cent. 

That tho volume of tho nitrogen contained in tho nitrous oxido is larger 
than tho volume of the nitrous oxide used could be explained by the presence 
of a gas containing moro nitrogen m a molecule than nitrous oxido, for in¬ 
stance N- O ; such a gas, however, is not known. 

It will bo obsexNed that these analyses do not agree among themselves 
very nearly; and having been prevented from making moro experimente, I 
will not venture to diaw any conclusions from these results, as more analyses 
should be made, chiefly because the apparatus with which they wore per¬ 
formed was somewhat defective with regard to the diameter of the glass 
tubing connecting the absorbing with tho measuring tube. 

Paraday was tho first who observed an anomaly with nitrous oxide; his 
results were very uncertain as to tho pressure of its saturated vapour. At a 
temperature of 0® F. this pressure amounted to 19*05 atmospheres when 
working from lower to higher tcrapomturcs; but after waiting a day he found 
24*40 atmospheres, consequently a differcnco of 5 36 atmospheres. This dis¬ 
crepancy ho ascribed to the gas being a mixture of two different bodies sdu- 
blo m each other but differing in the elasticity of their vapour, 

Stefan(SiUungsber dorK. Akadomie der Wissenschaften zu\Vien,Bd,lxxii. 
1876), in bia researches on heat-conduchon of gases, also found the nitrous 
oxido miy &d with another gas. He says, “ Von dicsem Gaso wurde vor dom 
Abschlusse dor Durohleitong durch den Apparat eine Probe in oinar AhsorfK 
tionarbhr fiber Wasser aufgofangen. Nach twoi Tagen war das Ooa bis onf 
oinen etwas uber 10 Prooent dos nrsprlinglichen Volumens betragendea 
Kuckstand (Stickstoff) rerechwunden.” 
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Eighth Report of the Committee on the Treatment and Utilization of 
Sewage, reappointed at Bi'iatol, 1875 , and comieting of Richard 
B. Grantham (Chairman), C>E,, jP.G.S., Professor A. W. Wil¬ 
liamson, F.R.S., Dr. Gilbert, F»R.S., Professor Corfield, M.A , 
M,D , William Hope, K.C., F. J. Brvmwell, C,E , F.R S., and 
J. Wolfe Barky, C E» 

Yovr Committee have during the post year, ending 24th March, 1870, been 
able to conduct more corapleto observations at Breton’s Farm, near Romford, 
and have been also able to test experimentally tho value of last year’s obser¬ 
vations by having analyses made of samples of sewage and effluent water 
kept under \ anous conations. The expense attending this year’s experi' 
ments has been generously homo by a Member of the Association. 

From Table I. it appears that the quantity of sewage received from the 
town was greater than in any year dunng the period over which the Com¬ 
mittee’s observations extend, not excepting tho }oar 1872-73, when tho rain¬ 
fall was larger by 3 inches than this year; it is therefore clear that the quan¬ 
tity of sewage proper received from the town ha^ increased steadily year by 
year, thus:— 


Ycttr. 

Hewngc 

Hauifidl 

1870-71 

June 12 to J\dy 15, 

(199 dayi). 

tons 

583,92$ 

inchcp 1 

12 64 

1871-71. 

March 15 to Mai\li 

416 ;*7 

21 56 

1872 73. 

Mardi to March 

♦79 94 * 

19 s, 

>873-74 

March to March 

not ganged 

not g«ugei\ 

1874-75. 

March to March 


1979 

1875-76- 

March to March 

S 4 «. 9 ** 

1 

a6 75 


It should be observed again that, os stated in last year’s Report, it has not 
been possible during tho post two years £o gauge the sewage directly in thf 
distributing-trough, and so tho amount is calculated os follows:—the ‘May” 
sewage from gaugings taken in tho sewers during the working hours of tho 
engine, and tho “ night” sewage from the difference in the contents of tho 
tanks at the times of stopping and starting the engines night and morning. 

It it worthy of note that while the weekly average of tho noonday atmo- 
spberio temperatures varied from 31® to 70®Fabr., the average temperatures 
of the sewa^ only varied from 56® to 70° Fahr. 

Table II. is given again after a lapse of two years, during which it was 
imposdble for want of funds to have a sufficient number of analysos made. 
1876. 
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It appears that daring the months of June^ July, Augosti and September 
little or no nitrogen as nitrates or nitrites was found in the efiSuent water) 
and from this it might hastily be concluded that for some reason or another 
the usual amount of oxidation had not gone on in the soil ( but the fact turns 
out to be that oxalic acid had boon added to the samples (both sewage and 
cfiluont water) of these monOiB with the view of preventing oxidation g<dng 
on m them during and after collection, and this prevented the estimation of 
nitrogen in these forms by the process used. 

To test this some experiments were made as follows ■—The October efflu¬ 
ents, to which no oxalic acid had boon added, gave 0*49 of nitrogen as nitrates 
or nitrites per 100,000 parts; to 500 cubic centimetres of this effluent 0*6 
grain of oxalic acid was added, and the mixture allowed to stand for five 
days I no nitrites could then bo discovered in it. Again, the effluent water col¬ 
lected at Breton’s during June 1876 was examined as follows :—“ One portal 
of it was analyzed, taking the sample from the full botUo; at the same tfapoe 
another portion was poured off into a bottle, filling this bottle quite full, and 
to this portion 18 grains of solid oxalio acid was added and this allow^ to 
stand for seven clear days, then analyzed. It was kept in a cool oollar. The 
18 grains of oxalic acid to the quantity taken is m the proportion of 2 oz. to 
the carboy of 12 gnllons. 


Analyses. 


Without 

1 Oxalic Acid. 

Wuh 

Oxalic Acid. 

Nitrogen ns Ammonia 

0004 

0 C06 

Nitrogen as Nitrates 

oSJ, 

0 000 

Nitrogen not Nitrates... 

0137 

0 147 

Chlorine . 

9*30 

950 


(There is no doubt that tho process of analysis accounts for the total disap¬ 
pearance of tho nitrates.) ” —Dr Bussixl. 

The “ total nitrogen ” in the effluent waters for those four months is 
therefore represented in tho Table as less than it ohould bo. Leaving out 
those four months, the “ total nitrogen ” in the effluent waters is, howorer, 
higher than it was during tho preceding year, this being chiefly due to an 
increased amount of “ nitrogen as nitrates,” tho amount of nitrogen “ not 
nitrates ” being very low throughout the year except in the month of June. 

Table III. is also given ogam in its original form, except that the effluent 
water has only been gavged when it was mixed with the sewage, although in 
collecting the samples for analyses portions were token from aU tho effluent- 
water drains; and it is the results of the analyses of these mixed sempleo that 
are used m calculating tho amount of nitrogen in tho effluent water returned 
to the tanka. 

1 rom this Table it appears that the true average amount of nitrogen in the 
sewage was 6 63 parts per 100,000, end that tho amount of mtrogen calcu¬ 
lated to be applied to the farm in the sewage was 30*2626 tons; of this 
quantity 0*1406 ton was coUoctod in the effluent water repumped over the 
farm. 
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It is remRrkabld how lUUo the true average compoaition of the sewage 
difliars from the results obtaiued in previous years; and the Committee con¬ 
sider that this circumstance affords oonsidorable proof of tlio accuracy of their 
methods of sampling, the principle of which has always been that the samples 
shbuld be taken in proportion to the amount of flow at the time ; thus tho 
amount of nitrogen in parts per 100,000 in tho sowago has been, according 
to the calculations from the results of tho gauginga and analyses, as follows:— 


1*71-71 

1871-73 

1873 - 74 - 

1874- 75. 
1875 76* 


5 519 
5 <51 

not takon. 
5 5^ 

5 S3 


With regard to these figures your Committee would observe that the raia- 
foll in the year 1872-73 was excessive, and this no doubt accounts for the 
sewage containing a smaller proportion of nitrogen m that year; and that 
with regard to tho year 1874-76, the number given was tho result of a single 
analysis of a mixture made of all tho monthly samples taken in quantities 
proportionate to the amounts of sewage distnbuted each month. 

The Committee have thought it desirable to make some observations on tho 
changes which occur in sewage and effluent water when kept for some time, 
with the view of ascertaining how far this result for 1874-76 is reliable. 

Bottles were filled with portions of the samples of sewage and of effluent 
water ooUected during November 1876, and put aside in a cool cellar; they 
were analysed in May 1876, and the results of those analyses compared with 
the previous ones of the same samples wore os follows :— 


Defoription of Sainple. 

Chlorine. 

Nitrogen. 

As 

Ammonia. 

As 

Nitrates 

and 

Nitntea. 

Total In 
solution 
and sus* 
pension. 

Sewsfs, Nor. 1875. 





ist AnslysUttBsosmber 1875 .. 



.... 


snd Aaalyili, Usy 1876 .. 

ia*4 

3 95 


5 «o 

Bfflaent water, Nor. 1875. 


j 

1 



Analyriiy Deosmber 1875 ... 

Il'O 

0 'ia 4 1 

076 

1*10 

and Aiwlyils, May 1876 ... ... 

iro 

0 002 1 

1 02 ' 

1*09 


0 2 






HbPonT—187(» 


2:^8 


This shows that ihc total amount of nitrogen in the solid matUr conlamod 
in a samplo of sewage or of ofBuont water is not altered by keeping, providotl 
the bottle bo well filled. It is u^orthy of note that the nitrogen in the 
efflnont water was almost all converted into nitrates *, < 

In order to asccrlaiu tlie effect of keeping sewage m unfilled bottlci, the 
following experiments were made The remnants of the January sewage 
and effluent water, which had been left In the bottles, were analy/ed again 
on July 15th, 1870, and the sewage again on July 31st, and the following 
results obtained — 





Pcicription f>f Sample 

Chlorine. 

As 

Ammonia 

As 

Nitrates 

and 

Nitrites. 

Total in 
solution 
and fius* 
pension. 

Rewftge, Jeu 1876 





Iflt inalrsis, February 18-6 

14 t 

258 

. • 

648 

and Jul\ 151b, 1S76 

*39 

* 34 


264 

3M 3i&t, 1876 

1_ 

, C.01S 

1 05 

1__ 

l 52 

1 

Mluuil water, Jnn 1876 


1 


, 1 

1 1 

1st Analysis, Februaiy 1876 ^ 

10 0 

0 174 

0*87 

1 

1 iS 

and Analysis, July 15IIJ, 18^6 1 

1 ic 0 

1 

, ocos 

1 * 

t as 


ll ap]>carB, then, that a largo quanlit) of the nitrogen in the sewage was 
lost between February 1870 and July 15th, 1876, whdo the nitrogen in the 
effluent water was only slightly diminished in amount, but was almost ell 
oxidi/od to the condition of nitrates. 

It appeared desirable to ascertain how much of the nitrogen in the sewage 
was thus oxidireJ, and a third analysis was therefore m^e on July 31st, 
1876, which showed that a still further loss of nitrogen hod taken place, so 
that the total nitrogen which was at first 6 48 parts had been actually re¬ 
duced to only 1'52 pait per 100/000; and of this 1‘52 no less then 1‘05 
part was in the form of nitrates. It is probable that much of the nitrogen 
thus lost escaped m the fi'ee slate. 

The total amount of nitrogen receired from the town in the, sewage was 
greater than dming any pievious year, and shows conclusively that the in* 
crea^ amount of sewage does not merely depend on the rainMl, which was 
considerable, but that new connexions with the sowers are being made in 

* Tfaa unusually small amount of nitrogen “not nitrates" in the effluent wsters in 
1874-75 was doubtless partly owing to the fact that the samplea were not analysed until 
tha end of the year. 
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tlio town from tame to time The cnlcnlntcd amounts for the pn^t \e\is aro 
ni follows 


^ f*flr N 0^ 


t H 


iS I 

2 

7 209# 

I*- 

73 

27 1 i6 

IS73 

4 

ft I 108 1 

IS7+ 

75 

1 ** 3* 

18 5 

76 

1 3015*5 


Ihc figure tor 18^4 7 o a of course obtained 1 y usn gtbo rosultof iho one 
analysis made that 30 »r Irom tlieso figures wo sco thit tlio amounts of 
nitrogen delivered on to the farm in tl e bewago were approximately iho same 
during the first two }ear 8 of the obstr\ations an! that the} have increased 
dunng tho last two 

iable l\ gives as usual a detailed account of the crops grown and the 
tacts relating thereto aro summanzed in lables V and A 1 
irom Table V it will be seen that the total produce ot tho farm was under 
2115 tons or less than last ^ear and less than tho avciago of tho last four 
joars, which was 2232 tons and tho main reason of this is tho considerable 
increase in the acreage of cereals and of pulse grown thus — 



1871 

2 

]8 2 

73 

18 3 

74 

1! 

«*75 7 ® 


ftcres 

to s 

a rofl 

to % 

a roe 

t ns 

ftcrcfl 

to • 

nrros 

tons 

Puls© 

a 33 

2 59 

12 53 

330 

4 97 

4*9 

*78 

*45 

2304 

46 46 

Cereals 


0 

0 

26 18 1 

86 1 

3881 

8415 

3! 13 

a 63 

16 79 

7496 


3 >3 

5 59 

387* j 

119 1 

43 79 

88 S 4 

4091 

81 13 

149 *3 j 

1 

Ill 4a 


About Table YI the same remark must be made os was mode last year, 
viz that the acreage of Italian 130 gross includes tho spring sowings as well 
as the regular crops and this accounts for the small average produce per acre 
of that crop the threo regular plots of this crop yielded respcctnely 68 , 63> 
and 48 tons per acn 

The mangold crops were also very fino and gave the highest total tonnage 
per acre yet recorded for those roots, viz \ ery nearly 47 tons per acre. 

The nitrogen recovered m tho croi s was 20 568 lbs a somewhat larger 

* This ii not the amotint t ftfueti ss given in the Boport for 187 r 1 1 11 the amount 
re^ve^ si risown in the Report lor 187* 73 
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Amount tbaa last year; this U equivalent to 80*84 per cent, of that received 
in the aewage. 

The Table shows that 180 lbs. of nitrogen wore recovered per acre over the 
aggregate acreage under crop duiing the year, viz. 147*87 acres ^ it will, 
however, be more oorrect and of greater practical utility to show the amount 
of nitrogen lecovered in the crops per acre of the lann under crop, viz. 
108 44 acres, dunng the past five jears. 

In the following Table the amount of nitrogen appbed to the farm in the 
sewage and that recovered in the crops is shown for each of the last five 
years; and it appears that tho amount of nitrogen recovered in the crops 
dunug tho ^vholo penod la o(]ual to 32 88 per cent, of tho amount applied in 
the Bowogc, and that tho amount recovered per acre of tho farm under crop 
averaged 182 lbs. 


Yur 


llitrogou. j 

la fiewage. 

lu Crop. 

Percentage 
recovered 
m Crops 

Recovered 
per acre 
of Farm. 


toni» 

Iba. 

lbs 


Ibio 

1871 71 

380,117 

479O95 

19,667 

4176 

]8i 

i87*-7J 

5 i 3 .*‘o 

60,438 

*5.704 

26 00 

MS 

«« 73-74 

• 

61,924. 

**,766 

3674 

a 10 

1874-75. 

509 .'39 

63,410 

20,166 

31*80 

1I6 1 

1875-76 

556,981 

67.765 

20,558 

i 

30*34 

189 

... _ 1 

1 

300,63* 

98,862 j 

3 »’M 

182 


It will bo observed that tho small amount of nitrogen recovered per acre 
during the year 1872-73 was compensated for by the unusually large amount 
recovered in 1873-74, which latter was duo to the feet that certain crops 
taken off tho ground in 1873-74 had derived the greater part of their 
mtrogon from the sewage of the previous year. 

Tho value of these roaults is much enlarged by the fact that they have been 
obtained by a senes of observations and experiments extending over a period 
of fivo }oars, so that the effect of the inevitable annual variations, of ^hieb 
a notable example is furnished by the first three years, is got rid of. 


* As the sewage wai not gauged in the year 1I73-74* the amount of mtregen applied 
is taken as the mean of that applied in the yean 1(71-73 and 117^-75. 









Ti.BLB 1.— Br4Um*% Sewctgc-Fm m, 

Statemeut of Weekly Quantities of Sewage received ou the rarm from the 
Town of Bomford, from March 26, 1875, to March 24, 1876. 
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lAun II— Brttot%*s ^tuayc hm)\ 

Statement sliowiug Besults of Monthly Analysis of Sewage as pumped and of 
Fffluont Drninngo water from March 1875 to March 187 ^ 

K Ua gi\c i paitB jer lOOOOU 


*^ewago as p m|>ol Hfll ‘‘ut dra uage \iater 


Month 

Am 

mouia 

|Chloni c 

Total 
\ tro^n 

1 in Boi i 
tion an 1 

1 suspen 
a 01 

Am 

nioiiii 

Chlonnc 

1 

Nitrogen 

aa 

hitrutes 
an 1 

Nitrites 

Nitrogen 
not as 
Nitrates 

Total 

Nitrogen 

1875 

April 

3 90 

i-t 30 

502 

0 C05 

1 

II 40 

0 37 

0 23 

0 60 

May 

49 j 

\% 10 

59S 

0 CCl 

11 CO 

0 4+ 

0 11 

066 

Ju 1C* 

53 

n 0 

446 

333 

II 4 

i uno 

09s 

095 

July* 

So 

12 CO 

8 18 

c j68 

ic 30 

1 005 

037 

042 

August* 

66 

12 ^0 

4 j 8 

0 }y 

1 1 20 

1 no 

041 

041 

September* 

% 69 

11 36 

4 3 * 

0 115 

II CO 

t arc 

1 014 

0 14 

October 

1 407 

0 

VO 

0 

4 47 

0 C15 

10 CO 

049 

0 15 

0 64 

November 

3 33 

1 50 

5 58 

0.14 

11 00 

0 6 

034 

1 10 

December 

1 30 

9 60 

5 2-r 

0 004 

875 

0 76 

0 c6 

0 81 

1876 

January 

158 

14 10 

648 

0 21 

1 

10 CO 

0 87 

04. 

1 iS 

February 

1 

344 

970 

5 93 

1 

0 178 

1 940 ^ 

i 

107 

1 

OMJ 1 

130 

March 

t 

1 

364 

10 20 

6 29 

0008 

1 

9 10 

073 

1 

0 09 

1 

0 8s 


* Oxalic ioid had been added to these satnpUs 
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rABLR III — St€hii*» &ewffe-FanA 

Statement showing the Monthly Quantities of Sewage and Effluent Water 
distributed on the larm, and the Nitrogen eontainod therein 
from March 26, 1876 to March 24, 1870 





8( wnge 


Kffl lent Water 

DaU* (incl ii re) 

innt 

N trogen 
per 

100000 

1 tone 

1 

1 

1 

Total 
Nitrogen j 

Q lantity 

Nitrogen 

per 

too 000 
tone 

Total 

Nitrogen 

1*75 

Mar »5 to Mar 31 

tone 

8 500 

ions 
•5 o» 

1 tons 

1 4»«7 

Ions 

tons 

tons 

April I 

Apr 1 30 

39 >47 

50Z 

19651 

I 

» 375 

0 60 

0 0082 

May t 

Ma^ 31 

40 946 

5 9 * 

1 » 44 *fi 

4 ns 

066 

00271 

June 1 

J n e 30 

39 5 «* 

446 

1 7615 

<• 463 

095 

00215 

J iV f 

luly 31 

1 49 5 » 

8 1$ 

40509 




Aug I 

A g 3 « 

39 393 

♦ I* 

1 6466 

4 77 » 

041 

0 0196 

bept I 

Seit 30 

1 

1 

45*57 

1 

1 

1 

1 0 

6*97 

024 

00166 

Oct 1 

0 t 31 

53 >*’ 

4 47 

» 37 5 




Nov 1 

Nov 30 

56 594 

5 58 

8131 




Dec 1 

Deo 31 

1 

4* 170 

5»7 

153*6 




1876 1 

Jen t to Jau 31 

45 ««j 

6 48 

19164 

1536 

I 18 

00325 

Feb 1 

Feb *9 

’ 1 

46130 * 

5 93 

* 735 $ 

615 

t}0 

00081 

Mar 1 

Mee *4 1 

40*57 1 

6 29 

15699 

* 4 * 

0 81 

0*0070 


546 9** 

5 53 

jl«* 5»5 j 

* 34*9 


0 1406 


• Thwf bfing no analytii for March 1876 the April wn powtion has been adopted 

for that month 



m 




TiJiJS IV —Breton $ 
btaUment: ahowicg Crops &om 



ToUlC 


D 


ToUlD 


AIL 6 95 Cabbage 

11 n Kohlrabi 

15 to 18 1 8o Hardy green plants 

19 11 X a6 Bprouting broccoli 

111 6 93 Itahan rye groea 


Oot and Not 1874. 
Apr 1 1875 
May 1875 
Apr I 1875 
Oct 1875 



Sept 1874 
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Sewag6-Farm, 

March 25,1876, to March 24, 1876. 


Date when out or 
gathered. 



Produce. 

Bemarks. 

Total. 

Per acre. 


tons. 

46941 

tons. 

47 9 

One elcTonth of erop plou^ed in. 
Crop remained Max^ 1870. 

«. -M -A 

( 

1 


Aug. 1875 . .. 
Oct. 1875 



Including ao'St tona ikaw 

{ Sown, with £arlej. One cutting 
only. 

The crop remained March 1876, 


Plot all under Qraw at end of 
year. 


6 05 I 31 Including 3*47 tona straw. 

34 


776 I 39 Plot all fallow at end of year. 


Crop remalna. 


Plot under Grata at end of year. 


57'9 Seven oattinga. Plot fidlow at and of 
year. 


Wheat WQuUna. Aye-graat aowu Mar 
1876. 


6493 I 170 Plot under Wheat at end of year. 


April to Kot. 1875 ...1 *50*56 I 48*5 I Serea euttingt. Plot ikllow at end of 

It year. 
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Tahix IV, 


Plot 

ofljeds 

(indiioive) 

Aor«ige 

Crop 

( 

f 

Date t\b^n •own or 
planted. 

n 

1 to 24 

6 ^0 

Tl ili III nc gnisi 

June 1874 , . . 

, ..- - -- -1 

I 

] lo j 3 

' It 

1 

667 

667 

Turiiip* . 

i 

March 1875 , . 1 

Ang 1875 

1 Totill 

( 

1 

t • to 

. .. 

6 67 


1 

K 

1 " 

1 

!' 

• « 

1^ 3 

4 & 5 

4 to 8 

6 & 7 

8 . 9 

10 

11 

1 to II 

1 19 

82 

1 56 

82 

S3 

40 

3* 

444 

Walclioro)^ cuulillowt'^M . 
Spinach 

Cabbage *..« 

Ilartly groen plinth ,, 
Savoj piauU 

Cabbage A Bru8 apronls 
Walihorcn caulitlovrcM 
\Vlieit , .. 

June 1875. 

March 1875 

Juno and Aug. 1875 
April 1875 . ... 

u »• • 

H M 

If ji 

Feb 1876 

ToUlK 

. . . 

4 44 

»»• * • 

• • • ) 

( 

h 

1 to 20 


Jieni « . , . , , 

1 . ._. J . IJLIJ JJL. .11 mil Ml mil. ^ 

1 

\riii(!iiS75 ^ 

-- 1 

\ ' 

M , 

11 

M ' 

‘ " 1 

1 

1 to 12 ' 

n 

1 to 9 

1 *3 

! J to J 3 

» 33 

28 

3*7 

PoaB *. 

Sprouting broccoli pbmts 

Kultl rahi 

grouting broccoli .. 
Wlieat ... 

Man'll 1875 . , 1 

Ipiil 1875 . 

Aug ana Sept. 1875 

K ;■■//..•• :• 

' Total M j 

1 


2 17 




S *7 



i 

' , 

_ . ... i 

1 to i6 

B 

MungolU .. , . 

Apul 1875 

1 

, 0 

1 " 

All 

5 ’ 9 » 

5 92 

! Carrots , . . 

Praa 

April 1875 .. 

Maroli 1J76. 

1 XoUlO 

__ ^ i 

1 

59a 

1 . . - . . . . - . _j.. ___ 

«• 1 4 *«• 

1 1 

'» 1 

All 

II 

3 50 

3'50 

Oits , .. 

SX>routii)g broccoli 

March 1875 . 

' Sept. 1875 .' 

Total? j 

1 


3 50 

. .. , 
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{lunltnued). 


1 

Date when out or | 
gathered. | 

1 

1 

Proc 

Total. 

uco. 

IVr noro 

1 

Remarks, | 

1 


ton*" 

tons 


Apr. 1875 to Mar 1876 

3414* 

53 4 

. . 

Five cuttings. Plot fallow at end of 
year 

Aug t*7S . , 1 

18 71 

28 

Including 115 tons straw. 

Uaroh 1876. j 

16 06 

24 

. 

34 77 

5 » 

Plot fallow at end of year 

Aug. and Sept 1875 

5 H 

4*4 


June 1875 

2 00 

»4 


Sept i875toFeb 1876 
July and Aug 1875 

24 41 

9 5 


7-19 

88 


July 1875 . 

7 57 

9 > 


Not. and Deo. 1875 , 

440 

11 0 


June 1875 . 

1 68 

44 


. 

. .. 


Wlieat remams 

. 

5a 50 

li 8 

Plot nil under Wheat at end of 
year. 

Sept 1875 . 

541 ' 

1 9 

Straw 376 Ions Included, Plot fallow 
at cud of jeer. 

1 

j'uly 1875. 

587 

1 0 

1 Including 411 tons straw 

1 

Sept. 1875 . 

Nor and Deo. 1875 ,, 

80 

1 s 60 

2-9 

67 

Feb. 1876 

•40 

> 4 



•• 

••• . 

Wheat remains. 

. 

21 67 

■ 

Plot all under Wheat at end of 
year 

Not 1875 

184 90 

446 

1 I*lot fallow at end of year 
j 

Not 1875 . ... 

80 So 

136 

1 

1 

.. , 

I 8080 

t 

13-6 

' Plot in crop at end of } ear I 

__ i 

Aug 1875 . 

9 8» 

1 »8 

1 

^ Including 6 9 tons straw. 1 

March 1876 . 

I 5 54 

i >« 

1 ... .. 

1 15 36 

1 

t Plot fallow at end of year 

A _____-___ 




















m 


unwf-^iKre. 


Tamm IV 



Acreage 

Crop 

Date when wim or 
planted 

M 4 

Beam 

Marcl *875 

tie 

Beam 

March 1875 

11 

Oi ewi j 



It Rhubarb Reb 1)73 



Tarfotts 


Oio 


F«raum«nt 



































ON THI TRSATHKKf AKD OftUlAtlON OF SIWAQB. 





DaU when oat or 
gaUiered. 


Sept. 1S75. 


Sept. 1875 


Produce. 


Total Per aero 


tone. tons. 

ji« 




Including 176 tom straw. Plot fallow 
at end of jean 


Including 3 76 tons straw. 
Osiers remain. 


Plot tMarlj all fallow at end of 
year. 


March 1876 .... 071 3'a Ehuharb remains. 



3 » I Including 5 78 tons straw. 


15 07 5*9 Plot fallow at end of year. 



Including 8*10 tons straw. Plot fal* 
low at end of year. 


Including 370 tom straw, 
5 7 Plot fallow at snd of year. 


5'so tons straw. Plot fallow at M 
of year. 


Itme and Sept. 1875... tyio 


Two crops. Gram remains. 


17 


i8‘5 
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XiiBU \.—-Breton's 8 ewatfe~Farm. 

Beason 1876-76.—Summary of Cropping Return. 


Plot, 

Acreage 

Crop#. 

Produce. 


Total 

Per acre. 

1 ^ 

9 8o 

Mangold and cabbnga , . 

tons. 

46941 

tons 

47 9 

B 

12 12 

Barley and Italian rye-grasa . 

5031 

4 '* 

C 

1*97 

Oatf and cabbage.. 

7 76 

39 

D 

69J 

CnbbaM, kohl rabl, hardy green«t apront- 

109*^6 

«s* 

B 

* 5 76 

ing broccoli. 

Italian rye>graM ... 

333 7 » 

57‘9 

F 

3 

Cabbage, apinaoh, hardy greens, and cab- 

*4 9 J 

17 0 

t 

a 

j • 5 17 

huge-pi ants. 

Italian rye-gra«fl , .. , 

»$o 56 

1 

48 5 

! n 

, .640 

Italian rye-graw 

3414* 

51-4 

1 

667 

Barley and tumipa . 

34 77 

\ 

$» 

K 

444 

Caulidowers, apfnach, cabbage, hardy 

52 $Q 

II < 1 

J 

L 

287 

green plants, saroy, Brusaels sprouts. 

Beans . . ,, ,, 

54 * 

I 

>9 

M 

3«7 * 

Peaa, sprouting broccoli plants, and kohl 
rabi. 

t 2 <7 

7. 

N 

4*5 

Mangold ... 

1 

184 90 

44 '* ' 

0 

5 ‘ 9 » 

Carrots , . , . 

to 80 

13-6 ! 

P 

350 

Oats and sprouting broccoli 

15 36 

4'4 

Q 

»‘34 

Beans .. 

5 >8 

2*1 

B 

1-51 

Beans and oziers . 

7'3 

21 

S 

011 

Rhubarb . . 

071 

3 ‘* 

V 

»53 

Oats and sprouting broccoli 

1507 

5'9 

V 

S '93 

Beans . 

11 88 

2*0 

W 

*75 

Peaa and sprouting broccoli .. 

15 61 

57 

f 

386 

Beans .. 

7 44 i 

> 9 

1 r 

1 

5 60 

Hay . 

13*80 j 

i 

|?arious 

0 20 

Osiers ..... . 

. _ _ . . ( 

3 70 j 

«*5 


IOS'64 

TotU . ... ' 

1 

2114-68 { 

1 

195 


* 8m Veto at foot oflaU* VI. 
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fABtiF VI — BrHon'g Sewctcff^la-na 

Bununary of Crop‘s g^thorod froni March 25, 1875, to March 24, 1870, 
showing the quantity of each kind of Troduco and Nitrogen contained thertm 


Crop 

Total 
acreage 
of eacn | 

Produce ot each crop 

Total Nitrogen estimated 
to be in crop# 

desorip 
tion of 
crop 

Total 

Per aero 

Per cent ^ 

1 

lota] 

Per aero 

Italian rye gmsH 

acres j 
*»9 45 

tons 

94392 

tons 

32 I 

054 

lbs 

11,418 

lbs 

388 

Hay 

5 6° 1 

23 80 

4 » 

2 00 

1,066 

190 

Oxiers 

0 31 1 

5 60 

17 5 


63 

196 

Oabbngo 

14 86 

'49 ^4 

fo 1 

0 25 

837 

56 

Hardy greens 

3 77 

43 A 7 

5 

025 

242 

64 

Sayoye 

0 83 

7 57 

9 1 

02s 

4 » 

5 * 

BrumteU sprouta 9 t cabbage 

0 40 

440 

11 0 

0 25 

»5 

62 

Broccoli 

lo 60 

3655 

3 + 

0 25 

20? 

»9 

Spinach 

1 14 

3»5 

2 6 

025 

t8 

>5 

Kohl Babi 

1 64 

16 91 

64 

0 375 

141 

54 

Cauliflowers 

I 57 ! 

6 92 

44 

025 

39 

»5 

Beans 

1740 

35 >5 

2 0 

0 50 

394 


Peas 

5 64 

[ 304 

\ straw 7 92 

05 

I 4 

0 0 

^00 

0 

a 3 » 

142 


66 

OarroU 

5 9 » 

80 80 

136 

0 20 

362 

61 

Turnips 

667 

16 06 

24 

0 18 

^5 

10 

Mangold 

*395 

<54 3 • 

469 

025 

3,664 

263 

OaU 

Barley 

8 00 

1* 79 

r gram 7 94 

1 straw 16 15 
f gram 18 54 
\ straw 31 33 

1 0 

2 0 

j 0 

1 7 

0 0 *4 

^ 9 k ^ Q 

0000 

355 

217 

665 

362 


$5 

Rhubarb 

0 

071 

3 » 

0 2 

3 

*4 

■■ ... —T- — 

>47 87 

2x14 68 

*4 3 


ao 55 « 

139 


* Thu aoreage of Italian rye grawi inoludea not only the 17 13 acres of plota B, 0 , and 
H (marked * m^able V ), but also the la la acres of plot B. which were sown, according 
to the uiool prartico for the following year ■ use and from which only one Tery hghl 
cutting WM taken 


1876 


n 
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Table VII —Breton s Sewaye^Funn 
Statement of Land in crop and Land lying fallow on March 24,1870 


Atreago 


I Area in 


Cumparison 


oorea acres 

^ So 641 

la II II 11 


693 693 

5 76 

3 81 3 8i 


, Q_ March 24 1871 

^ «*73 

1874 

>* 7 S 

« 76 >*76 


In iroji Fillow lotal 
acres acres acres 
4049 6339 103 8S 

8762 1993 10755 

8909 1935 108 

79 40 19 04 108 

48 75<J 5909 108 


444 444 


5 9a 5 9a 


5 60 s 60 


* Including (m pointed out in previous 
5 Reports) spring sowings amounting tins 
vear to about 17 acres 


10844 4*75 5969 
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Improved Investigations on the Ftoio of Water through OnficeSj with 
Objections to the modes of treatment commonly adopted By Prof 
James Thomson^ LL D,, D,Sc 

[A communication ordered bj the Q-cncriil CoinunlU'6 to }>e printe<l m cjifcubo amon^ 

the Reports ] 

The methods usually put Ibrvvaid tor treating of the tlow of water out of 
vessels by ontioes lu thin plat os, slight Ij varied though tlH‘\ ina^ be in different 
cases, are orduuuilj founded ou a*-sumptions largol) alike in tlic'io ditrorenl 
cases, and largely orroueous Tho theoretical views so ainved at, and very 
generally promulgated, are in realit> oiil> utkrl^ false theories based on sup¬ 
positions of tho flow of the water taking iiliico m wais which aie kineuuili- 
oally and dynamically mipossihle, and «iie at vaiiaucu AVith oli^cived facts ol 
the flow, and even at \anancowith the lads as puttorwaid Ity I ho advanceis 
themselves of those thc<nies 'J’hc admittedly oiroacous le-iiilts brougld out 
through those fallacious “thooiits,” and commonly niwcallol th ontual 
resiiltSy' arc afterwards coustdeiably anicnded by the inlioduttion into the 
formulas so obtained of t oust ant or viiiiabk' uiefllciLuts, or othorwusc, so as 
to be brought into some tolciable agreeiiiont with e\pennu‘ntal results 
These means of practical amendment, howo\er, jieing thsmisclves not estab¬ 
lished on any scientific piuiciph's, cm at best only conduce to the attainment 
of useful empirical foiraulas, but canuot, by their apphceiion to t]ie origi¬ 
nally false theoiehcal views, come to develop any true siicnliflc theory, A 
theory may, no doubt, bo regarded as a good scientific thcuiy, and as being 
good for practical puiposcH, which leaves out of account Home minor features 
or conditions of tho actual tacts In so tar as it lea\es any influential 
elomouta out of account, it is iinpertect, hut it tho condihoua which, for 
Bimphoity, or from want ot com])lcie knowledge ot tho Ru]>joct, or for any 
other reason, aie lelt out bo of very shght influence on the practical results 
m question, tho theory may he regarded as a very good one, though not quite 
perfect In the case, howeser, ot tlie hydraulic theories now referred to, the 
false principles involved in the reasonings relate to tho main and important 
conditions of the flow, and not to any lueio minor considerations, the imper¬ 
fections or errors of which might be of Imt slight importance in the do\elop- 
ment of the mam pnncqdes involvetl, and hut little influential on tho results 
sought to be attained. 

I will now proceed to give some examjdos or Bketclics of tho usual 
methods of treating the subject 

I will first take tho case ot water flowing from a state of rest through an 
orifice in a vertical plane face This case is ordinarily troalofl by^ supposing 
the onfice to be divided into an infinite number of infinitely narrow hon/ontal 
bands of area, and supposing the velocity of tlie water m each band to bo 
that due, through the action of gravity, to a fall from tho still-watei surfoce- 
lovd down to that baud, then multiplying that velocity by the area of the 
band, and treating the product os being the volume flowTing per unit of tune 
across that horizontal band or element of the aiea , and iiitcgratiiig to find 
the sum of all these volumes of water for all tho bands, and treating this 
sum 03 being the “ theoretical volume per unit of time flowing across the 
whole area of tho onfice. This result is commonly called tho “ theoretical 
discharge^^ per unit of time ; but, as it la known not to bo the actual dis¬ 
charge, it 13 then multiplied by a numerical coefficient culled by some “ the 
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coefficient of co'iUroition^ and b) othtra the * coeJJUimt of discha^qe^ in order 
to find the actual diHohargo per unit ol time 

rhus for the coBe of a rdtano^ilar orifice in a vortical plane futo ns in 
fig 1—where M 1 is the lo^d ot tlu still-waUr Hiirfaco, and ABf 1) is the 



( nfico, with two edges \ B and ( 1> kvd and F 1 is nn inflnttth narrow 
hon/ontal baud extending across the onfico it a dejdh h below the still- 
water surface-hvel and having J/i as its breadth \irticnD> measured, while 
it has?, the hon/onlil h ngth ol the oiificc as its length, and where, as 
shown in the figure the d< pthb of the top and bottom of the orifice below 
W L are denoted b} and respeotivolj—if <i is put to dem te the so-called 

Iheoieticnl \olnnio per unit ol time, and Q the actual voluino per unit of 
time it is commonl} stated tl at 

Idh, 

whence 

5 = r * ^I jh hlh 5= Z r It dh, 

Jh Ja 

or 

and then whin c is jmt to denote the so-oalltd coefficient of (ontracUon^' it 
IS stated that the actual quantity flowing per unit ot time is 


U = A,’) (1) 

It IS then customary to deduce from this a formula for the ease of water 
flowing m a rectangular notch open above, as in fig 2, by taking A, =5 0, and 
80 deriving, for the open notch, the formula 

= ( 2 ) 

These examples may suffice for indicating the nature of the method 
commonly advanced , and it may be understood that the same method with 
the necessary adaptations is U8uall> given for finding the flgw through circular 
oriflc I, triangular orifices, or onflcc s of any vaned forms whatever 

Now this method is pervaded by false conceptions, and is thoroughly un- 
scientifio 

F\ret Throughout the honzontal extent of each infinitely narrow band 
of the aiea the motion of the water has not the same velocity, and has not 
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the same direction at diflFerent parts, and the assumption of the velocity 
being the samo throughout, together with the assumption iatitly implied of 
the direction of the motion being tlu simo throughout, vitiates the roisoning 
very importantly it is thus to be noticed at the outset that the division of 
the onfico into bands, infinitely narrow in height, but extending horizontally 
aciosa the entne orifice, eannot lead to i satistactory prouss ot reasoning, and 
that thi elements oi the area to bo scpantoly considoied ought to be inhuitcly 
small both in Ungth and m breadth 

iaieiOildItf loi any element of the aiea oi the onheo infimUly smill in 
length and breadth it is not the velocity of the water at it that ought to be 
multiplied by the aioa ot the element to find tho volume flowing per unit of 
time across that el meiit but it is only that vtloeitys component which is 
normal to the plane ot the clement that ought to he so multiphe<l 

ThinUif Whether for any element of the area ot the oiihce, we w ish to treat 
of the absolute \clot ity ot tht water there, or to lieat of the eomjxinent of that 
velocity normal to Uie plane of tho orifice it is a gre it mistake to suppose 
that tho velocity at tho element is that duo by giavity to a full from tho still 
water surface level ot the ixnt up statinil water down to the ekmint Tho 
water throughout the aica of any closed oiihce m a pi me suit lee, with the 
exception of that flowing in the elements situated immidiatcly along the 
boundary of tho onhee, has more than atmospbeiie ])ressure and hence it can 
be proved ♦ that it must have less velocity than that du< to the fall from the 
still-water surface-level down to tho element 

The foregoing mi\ be illustrabd by eoiisideiation of tho very simple c ise 
of water flowing fiom a vtssel through a rei 1 angular onfico in a vortical 
plane face, two sides of the rectangle being level and tho other tw > \ertioal, 
and end contractions being pn vented by tho inseition of two i>ai illcl guide 
walls or plane fates, one at each tiid of the onhee, and both extending some 
distance into the vessel pc rpondieulaily fo the plane of the onflte so that 
the jot of issuing waUr may be regarded as if it were a portion ot tho flow 
through au onhoo infinitely long in its horuontal dimensions 

ihus if tho ]tt shown in section m hg la be of the kind here referred to, 
while W L 18 tho still water surface level, the so-called ‘ theoretical velocities ' 
at the various depths in tho onfico, which are dealt with as if they weio in 
directions normal to tho plane of the onhee, can bo, and very commonly arc, 
represented by tho ordinates of a parabola as is shown in fig where B 1) 
represents in magnitude and direction tho “theoretical velocity’ at the top of 
the onfice, C E tho “ theoretical velocity ’ at the bottom of the onhee, and 
FG that at the lord of any point F in the onfico—these ordinates being each 
made = wheie h is the depth from the still water surface down to the 

level of tho point in tho onfice to which th( oidinate belongs Ihcn, under 
the same mode of thought, or same set ot assumptions, tho area of that 
parabola botwoon the upper and 4ower ordinates (B 1) and C L) will loproscnt 
what 13 commonly taken as the '^theoretical duchatge^' per unit of time 
through a unit of honzontal length of the onfico But this gives an excefl- 
Bively untrue representation of the actual conditions of the flow Listead of 
the parabola, some other curve, very different, such as the inner curve 
sketched in the same diagram, fig 3b, but whose exact form is unknown, 
would, by its ordinates, represent the velocity-components normal to the 
plane of the onfice for the vanous levels in tho onfice, and its area would 
represent tho real discharge in units of volume |>oi unit of tirao through 


^ Theorem I further on will afford proof of thii 
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a unit ol lion/oiital d the onhet Allhouj^h the exact torm of this 

t ue curve is unknown jet uc muj observe thit it must have its ordinates 
( ich ksR than the ordinato for th< same level in the parabola 

The truth of this m ly bo pcraived through considerations such os tho 
lollovvang I list it is to ho noticed that for tho very top and tho very bottom 
of tho oTitico, instead of the ordinates B I) and ( E of the parabola, the ordi¬ 
nates ot the tmo ouiv ( must be each ^ero lx cause, at each ol these two 
places, the direction of tho niction is nccessanlj tangential to the plane of the 
onfice*, iml so the ^ el mil} comiionent nonnd to tho plane of the onfioe 

* The aftsortion litre toai^c to lh« ofhtt that tho dirtctions of the Btream-lmofl which 
lomi t]>o cit rnul Burfato < f ilio jot u» itu leaving the edge of the oriflte must, at the edge, 
L>e Utiigcntiil to tlu piano (i the onfloo when the < niice ib in a piano Inoo or muet m 
genond be tmgential to the marginal narrow band or tornunul bp ol Iht mlornal or water- 
tonfinnig faro ol the plate or nozzh in whicli the onfltc ib h rmed can bt clearly andeawly 
proved nlthovigh strni gel\ tlie fact has betn and im ntill vtr> commonly overlooked 
J?Sen MM 1* ncelot ni d J eubroa m their delinefttions of the forme of veme of water 
iwiiiiig fr(in onfl(XB in thm plates after elaborate obMivalions and rooaeurenunte of thoee 
forma reproMont the surface of tlie iheuing fluid aa making a Bhnrp angle with the plane 
wotted face m leaving tho edge ( Eun^nencoi llydraiiliquos sur lea Lois do ifcoule- 
ment do 1 Jirfiu a Memoir rcatf at the Aeodemy of Sciences in November 1821) and pub- 
Imhod In the M^raoirca Scienoes Math^matiquea et Phjsiquca tome in ) Other wiateM 
( n HjSrauhcs put forward very commonly representation p likewise erroneous Weisbaob, 
for It stnnce in his valuable works (Xngenicur und Maflchmen Meohanik vol i { 313 flg 
1/7 date 1840 and Lehrbuch der theoretischen Meohanik 5th ed date 1875 edited by 
Hermann ^ 43d fig 772) has awnmed (not casually but with deliberate tare, and after 
BxneMintnlul meafluremci ts m ide by hiir self) as the best representation which with avail 
I bV knowledge oi tbe hiws ot conlraction of )ct« ol water can be girtn for the form of the 
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must bo zero, and that componont, not the velocity itself, is what the 
ordinate of the true curve must represent On the h}pothe8i8 of perfect 
fluidity in the Nvater (which throughout the present discussions and invest! 
gatioiis, 18 assumed as lining a dost enough reproHenbation ot the truth to 
form a basis for very good theoretical views) the velocities at top and bottom 
of the onfico will be those duo by gravity to tails from the still water surfaco- 
lo\cl down to tho top and bottom of the onfice rcspoctuoly, beciuso at those 
places the wiiUr issues really into contact with tho atmisphoro, and 
constquently attains atmospheric prcssuio Vt all intervcnuig points in the 
plane of the orifice it may readilj be seen, or may with great confidence be 
admitted that tho priissuro will be in excess of the atmospheric pres¬ 
sure because, neglecting for simplicity tho slight and, for the present 
purpose, unimportant modification of tho courses of tho stream lines caused by 
the force of gravit} acting diroctlj on tho particles composing tho stream- 
lino8, as compared with the courses which the stream linos would take if the 
action of graMty were removed and tho water were pressed through the 
onhoc merely hy pressure ipphod as by a piston or otherwise, to the fluid 
in the vessel we mu saj, tnily enough for tho j re«iont puriiose, that an 
excess of pressure at the convex side of any stream hue h required in order 
that tho water m tlu stunm lino can bo made to tike its curved path The 
mode of reasoning on this point suggested hero ma^ be obvious enough, 
although, for the sake of hrcvit}, it is here not completely expressed It fol¬ 
lows that nt all these intervening points in the plane of tho orifice the absolute 
velocity of tho waUr will bo loss than that duo to a lall from tho still water 
surface down to the lev el of the point m the onfice, and beeidos, at all depths 
in the plane of tho onfico except a single medial one, tho direction of the 
flow Will bn oblique, not normal to tho plane of tho onfice Hence, 
further, through those two circumstances jointly or eeimratoly as the case may 
bo, it follows obnouslj that the ordinates of the true curve will everywhere 
be less than thoso of tho par ibola 

Fig 4 illusl rates in like manner the false theoretical and tho true actual 
conditions of the flow ov er a level upper edge ot a vertical piano face, which 
may be exemplified bj tho case of a roctangiar notch without end contrac 
tions, or of a poition of the flow not extending to either end in a very wide 
rectangnlai notch In this case it is to be observed that tho ordinates at 
and near the top of the issuing water m the vertical plane of tho onfice 
must be only slightly loss than those of the parabola—because, at the very 
top or outside of tho stream, atmosphenc pressure is maintained throughout 
the length of any stream line, and so tho velocity will bo very exactly that 
due by gravity to the vertical depth of the flowing particle below the stiU-* 
water surface level in tlie vessel and because, also, tho direction of the 


oontrootu^ yom of water iHsumg trom a ciroular onfice m a thin plate a solid of rerolu- 
Uon Bpooified clearly in such a way that the water ourfecc \ i leaving tho phwie of the plate 
luako# an angle of about t>7° with that plane and atatea to the effect that that water eur* 
face IB just a continuation of the patbi of the stream lines within the vcsoel which he 
represents at the margin of the orifice ae croseing the pUne of the onfice with converging 
patha making the angle already mentioned of about fiT® with that plane Tliev ougbtin 
reality to leave the lip tangentially to tho plane and then to make a verj rapid turn in a 
•hurt epaoe (or to have a very smmi radius of curvature) on just leaving the bp of tbs 
01 ifioe The prevalence of erroi eoua reprcaentations and notions on this Bubject waa 
adverted to an amendment was adduced by myself in a Report to the Bntiah AaBo» 
oiation m I8ftl on the Ghvuging of Water by V Notches (Bnt Asaoo Rep Manchester 
Meeting I8fll parti p IW) 
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motion docs not deviate much liom pcipendiculinty to the plane of tho 
onhre Tower down ni the pi mo ol the onflce the direction of the 
waters motion will approach still more nearly to being perpendicular to 
that I lane hit there the pleasure will bo considerably in excess of the 
atmospheric prcssuie and so the velocity will ]yo considerably less than that 
due by gravity to a fall through tho vtrtical distmco from tho still water 
siirfacG-lovcl down t the stream lino in the piano of the onflce At places 
still further down m the onflce tho flow comes to bo obliquely upwards 
and this obli juity is so great as to render the normal component very 
much less than the actufd velocity while the actual velocity itself is 
less than that due by gravity to tho depth of the particle below the still- 
water surface level At this region of the flow then for both reasons, the 
ordinates of the true curve are less than those of the parabola Lastly, at 
tho very bottom of the onflce, or immediately over the top of the crest of 
the notch the water issues into contact with tho atmosphere, and so attains 
to atmosphenc pressure, and must therefore have the velocity due by gravity 
to its depth below the still water surface-level Here, however, its direction 
of flow 18 necessarily tangential to the piano face of tho vessel from which 
it IS shooting away, and consequontly is vertically upwards Hence the 
normal component of its motion is zero and so the ordinate of the true 
curve at that place is zero in length instead of the normal component 
being greater at the bottom of the orifice than at any higher lev^, and 
instead of that component being properly represented bj the ordinate there 
of the parabola 

Like explanations to those already given might be offered for other forms 
of onflees (for circular or tnangular onfloes or V notches, and for onflees 
in general which may be in vertical or honzontal or inohncd plane faces, 
or in faces of other superficial forms than the plane), and it might be 
show 1 that in general tho ordinary modes of treating the subject are very 
faulty 

The examples already discussed may suffloo to direct attention to the 
faulty character of the ordinarily advanced theories, and to give some sug- 
gfishons of directions in which reforms are requisite 

I will now piooeed to offer some improved investigations which are apph- 
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cable to many oi the most ordinary and most nseiul casts in practical 
hydraubos, in reference to the flow of water through orifices in thin plates, 
or from the wetted internal surface of vessels terminating abruptly in 
orifices In devising and arranging those investigations I have aimed it 
putting them in such form as that they may bo intelligible and completely 
demonstrative to students oven m the early stages of their progress m 
dynamical studies 

Definition -— The free h i el for any particle of water m a mass of statical 
or of flowing water is tho level of the atmosphenc end of a column, or 
of any bar straight or curved, of particles of statical water, having one end 
Bituat^ at tho level of tho parbclc, and having at that end tho same pres¬ 
sure as the particle has, and having the other end consisting ot a level 
surface of water freely exposed to tho atmosphere, or else having other¬ 
wise atmoaphene pressurt there, or bnefl} we may say that the free level 
for any particle of water is tho level of tho atmosphenc end of preseure- 
columtiy or of an equivalent ideal pressurcMSolumn 

THSUKfc.M T —In the cane of steady flow from appionmate rest of waUt 
or any li<piid considered as fnctionless and tncornpi essihUy the velocity of any 
partule in the stream equal <) the vehntq uhich a hodq would leceive m 
falling freely ftom rest fhiough a veitutd space equal to the fall of free level 
which M incut red by the puticle in the stt am dunng its fiowftom rest to ifs 
evhtinq position 

Or, in bnofer words sufficientlj suggestivt, it may be said that, m respect 
to water or an} liquid flowing so as to admit of its being regarded as truly 
enough frictionless and incomprcRsibk, In steadq fiov ^ the veJoniy generated 
from list IS that due by qiavUy to the fall of fre hvel 

Or if ( be the full ot tree-level sustained b} any particle in passing from 
a statical region of the mass of water to a point in the region of flow, and 
if V bo the velocity of tho particle when at that point, then 

In iig 5, let I lx the stiU-watcr surface level, and let B B B lie a 

Fjg 5 
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bounding interface separating the region ot flow with important energy of 
mohon from the region which may be regarded as statical, or as devoid of 
important energy of motion Let U U U be another interface crossing the 
stream hnes at an) place in the region ol Jlow 

Now taking as the unit ot volume the cube of the unit of length, taking 
as the unit ot aiea the square ot the uuit ot length taking the unit of 
density as unit of mass per umt of volume so that the dcnsit) of a body 
will be the numbi r of units of mass per unit oi v lumi Liking as the unit 
of force the force which acting on a unit of mass tor a unit of time 
imparts to it a unit of velocity (that is to say, using the umt of force 
selected according to the system of Gauss, and which is often tailed the 
“ absolute or the kinetic umt of force *), and taking water pressures 
as being reckoned fiom the atmosplnnc pressure as ?eio, let 

density of the water 
v=a velocity at L 

Aj =3 pressure height at B, or the height of a column of statical water 
which would produce the pressure at B 
A =5 pressure-height at U 

= pressure in units of force per unit of area at B 
/I = pressure in units of force per unit of area at U 
/ = fall from B to U measured vtrticill) , 

5 =:fall of free level m the flow from the region of static il water to U, 
then 

and 

p=(fph 

Lot a small mass, of the water, whoso volume (or content voluminally 
c nsidored) is denoted by e, be introduced into the stream, its first place 
bting at B just outside of the initial interfaoo B B B , and let it flow forward 
in the stream till it reaches a second place at U where it is just past the intor- 
taee U U U In the stream filament B U L the space between the two inter¬ 
faces at B and U is traversed ahke by both front and roar of the small mass 
11 and therefore no excess ot energy is gi\en or taken by the moss in conse¬ 
quence of the pressure on its front and ot that on its roar for the passage 
of its front from the interface at B to that at U, and of its rear over the 
same space 

* The units of force derivable by the method of Ghiuss from the vonoui units of 
le gth moss and time in ooniinon use though spoken of under general designations sudi 
as abiolufe unUs of font or XimUc uniU of force have until lately boon individually 
anonymous and this deflcienqy notwithstanding the important scientific and practical 
uws which these units were capable of serving I as been a great hindrance and disooii* 
ragoment to their general employment in dynamical nivostigations and eviu to any satis¬ 
factory spread of knowledge of the r meaning Three >earB ago the British Association 
Oominittoe on Dynamical and klectrical Units (Bnt Assoc Report 1873 part I p 222) 
taking the centimetre the gram and the second as umU of length mass and time, 
named the force so derived the J}^ne For the un t of force derived from the foot, 

I ho pound and the second the name Poun<ial has been introduced by mtelf and it 
seeir IbkelT to come into use At this Meeting of the Bntuh Aasooiation 1 mve propoeed 
the and the Funal as names for the two units of force dented respeotively one 

from Uie decimetre the kilogram and the second, and the other from the metre the 
tonne and the second (see Proceedings of Section A in the present volume) The 
frmilianxatlon of these important units to the minds of students of dynamics will 
in a very important degree aid the acquisition of clear and true views in hydrokinetios 
as also in dynamics gonemlly 
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Bat work given to it by pressure from beliind, while it is passing the 
initial interface at B, is 

= <jph^ r, 

or that work is 
since pc^7n 

Again, during the emcrgenoo of the luasH past the interface at U, it gives 
away to the water in front ot it a quuutit} ot work which, in like manner, is 

=p.c 

c 

= (jmh 

Also clunng the passage of the particle from its first ])laoo at B to its place 
at U it descends n vortiuil space = /, henco during that iiassage it receives 
from gravity a quantity of work == 

On the whole the mass icceivcs an exccas oi work beyond what it gives, 
and that excess ok work receiied is 


= + f/w/- ipnh 

=yml^ , 


and as Hus ih the work tnkin into stoie as kinetic oneigy, we have to put it 


inv^ 


'I'httt 18, 


(7m<=s 


7UV^ 


or V ^^2y(, 

which is the result that was to bo proved in Theorem I. 


Thbobttii II.— On the Fj/iw of Water through Orifices btmilab in fohh 

AND SIMILARLY SITUATKD RELATIVELY TO THE HI'ILL-WaTEII SuRPACE-LkvBL, —In 
the flowing of xmter^ from ike cotuhtwn of approximate rest, through orifices 
similar in form fiiw^ similarly sitvjated relatwely to the stdl-water surfaco- 
level*, the stream-lines in the diffeieni flows are similar in form, also the 
velocity of the water at homologous places is proportional to the square root of 
any homologous linear dimension in the dxffei ent flows * and also {piessures 
being reclconed from the atmospheric presnu e as zero^ the pressure of the water 
on homologous small interfaces in the diflFereni flows is proportional to the cube of 
any hoimdogous linear dimension, or, in other wonls, the fluid pressure {super- 
atmospheric), per unit of area* at homologous places, is propoHional to any 
homologous linear dimension. 

Preparativoly for the demonstration of this theorem, it is convenient to 
establish some dynamic principles, which, for present purposes, may be 
rc^rded as lemmas or preparatory propositions, and which will be grouped 
here together under the single heading of Proposition A. 

Proposition A.— If there he two or more vessels containing water pent up in 
an approximately iiahc^tl condition, and if they have similar oriflees similarly 
situa^ rdatively to the free levd of the statical water—and if we imagine the 

* Or free level of th© still wnt©r 
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water to he ynnhd in each case to and omvai d past the orijke by an infinite 
number of infinitely small frichonit ss ijutde-tubes an anyeii side by side, like 
the cells of a honeycomh, and haviny their walls or septums ^ of no thick ness — 
and ifi m the diffnent vessels^ these yutde-tnbes he^ one set to another^ snnthir 
in fonUj thoiajh they maif be of quite different fonns fiom the forms which the 
stream-lines would themselves assume if the fiAiws wire unyuided—<tnd ify at 
the homoloifous of the ynidt-fuhes, fiuid pj#''<svrf’S be anyhow inatti- 

tained pi opoi tional^ pi r hornohyous ateas^ to the cube of any homoloyous linear 
dimeiuwn^ or, ivhat is the saine^ if piessnies be inatniained proporttonaly 
per unit of aiea, to the homoloyous linear dimension^—then the Vihcity of 
the ivater at homoloyous places will he propoitiomd to the Sipiare root of the 
homoloyous hneai dimension^ and the pressure of ike water ui homoloyous 
places on hoinoloijous aieas will be pi oportional to the cube of the homologous 
linear dimension, and the water will press, at homoloyous j^Utces, oh homo-- 
hyous areas of the septums, with a foice on one side in ercess of that on the 
oOier, which will be proportional to the cube of the homoloyousl ineanhmension, 
Norc.—For brevity iii what foUowH, prt*B«\ire8 at homologous places on 
horaologoua areas will be called homoloyous pussvres, and pressiiren per unit 
of area amII bo called united piessuies , and any difforenre ot the tiiud pres- 
Huroa on the opposite sides ot any small portion oi oleiuout ot a septum will 
bo called u dffeiential jnes'iure 

The demonstration of the proposition will be aided by first noticing the 
following relation in respect to two small solid masses in motion It two 
similar small solid bodies of masses m and m\ having their homologous linear 
dimensions as 1 to n, are guulod to move along similar curves, having likewise 
their homologous bnear dimensions as I to n (fig (1), and if the velocities of 
the bodies at homologous points in their paths be as 1 to V n, then— 

First Their gravities are as I to n’, evidently 

Their “centrifugal forecast applied by them m the piano of 
curvature and normally to the guide are also as 1 to n\ 

Ijet r and t' Im put to dtuiot-e the radn of curvature of the paths at homo¬ 
logous places Then centrifugal forces are as 
But 

m's=n'm, 

V, 

r =nr 

* Tlie Eugluh form for the plural of sephm, when septum is used m an English word, 
19 hero purpooely preferred to the Latin ^epta 
t The name ** centrdifyal force"* is here adopted in tlio sense m which it ib oominonly 
used I fully agree with the opinion now sometimee strongly urged to the effect that 
this name is not a very happily chosen one, for two roasons —first, beiause the name 
cmtnfngal would bo better applied to a motion of fl>ing from the centre, than to Sl force 
acting outwards along the radius, and secondly, boonuBe the body really rooeiTea no out¬ 
ward force, no force in the direction from the centre, but receives a cent reward force whicli, 
being unbalanced, acts against the inertia of the body, and diverts tlie body from the straight 
line cf its instantaneous motion The oentreward loroe actually received by the body, and 
whiOiJ u the force acting on it normal to its path, may be called the dcvmtive force 
by the body. This is equal and opposite to the outward force called “ cent frugal force,** 
which IS not received by the body, but is exorUd outwards by it ngainHt whatever is 
oompelhng it to deviate from the straight line of its luslantaneons motion Ihe name 
" oentrifnml force,** however, although objected to, 18 m io<i general use throughout the 
world to allow of its immediate abandonment. 
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Hence tho oentnfUgul forces are 

mv^ n'w.ni''* 

as- - 

r nr 

or as 1 n* 

This bein^i; understood, it leaddy lieoomtw ovideut that if, lustoad of smitll 
solid masses slidin;^ aloii" "uides, wo have tM^o small liomolof^ona masses of 
water m and in', fig 7, flowing in similar sltndor guido-tuhes, and if homO' 

I'lg <> Fiir 7 



logoua pressurea l)o applied to tho two masses in front and behind, which 
are as 1 to and if at homologous situations in their two paths their 
velocities bo as 1 to V«, then, in respect to all tho forces leccivedby the two 
masses from without, other than those applied by the guido-tubos, and also 
in respect to the forces required to be received for counteracting their centri¬ 
fugal forces, wo see that all these constitute force systems similar in 
arrangement and of amounts ns 1 to It therefore follows that the 
forces which tho masses must receive from their guide-tubes must be similarly 
nrraugod and of amounts, on homologous small areas, as 1 to a* 

This being settled, wo may now pass to the demonstration of Proposition 
A, at present m question. 

Suppose No 1 and No. 2 in fig. 8 to ropresont two similar vessels with 
similarly guided flows, in all respects as described m tho enunciation of this 
proposition I^t W L and W 17 be the still-water surface-levels, or the free 
levels of the still water in tho two cases. T^et BCD, B' C' D' be two similar 
bounding interfaces, each separating the region of flow with important eiiergj' 
of motion from the region which may be regarded os statical, or as devoid 
of important energy of motion. Let B U E in No. 1 and B' U'E' in No. 2 
be two homologous guide-tubes, and let them for the present be understood as 
tenninatmg at two homologous cross interfaces E and E', which may con¬ 
veniently be understood as being each situated at a moderate distance outside 
of tho onfioe—for instance, at some such place as that which is usually 
spoken of as being the “ vena or where the water has attained a 

pressure not differing much from that of the atmosphere, or it may in some 
cases oven bo that the atmosphono pressure is there attained , but the exact 
places at which to supiKwe the homologous terminations E and E' of the two 
guide-tubes as being taken ore not at all essential to tho demonstration. 

Let homologous linear dimensions in No. 1 and No. 2 be os 1 to a 

Lot tho velocity at any variable point U in the guide-tube B U E be denoted 
by V, 

T^et the piessuro at U, expressed m units of preesuro-hoight, bo denoted 
by A ; as shown by tho \ertical line U T in No 1, where T la the top of the 
pressure-column for the point U. 
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Figr 8 

No K No 2 



Let the pres^^uro at B, the beginning of tho tube, on the initial interface, 
outside of which tho water ma) bo regarded as statical, or as having no 
important energy of motion, bo denoted by /r*, or, what comoa to tho same 
thing, let tho depth from the still-water surfaco-levol down to the beginning 
of the tube at B be denoted by A-j, as is marked in the figure. It is thus to 
be noticed that the fall of free level incurred by a particle in flowing along 
the guide-tube from B to U is tho vertical distance trom the still-water sur- 
faco-lovel, AV L, down to T, tho top of the pressure-column for tho flowing 
water at U. This fall of free level maj bo denoted (m conformity with tho 
notation in Theorem 1) b> C 

Let the vertical descent from B to U bo denoted by /; so that / is tho fall 
of a particle m passing from B to U. In case of an ascent m any guide- 
tube, from Its beginning to any point U in its course, we shall have the fall 
/ negative. 

Let tho abatement of pressure-height from B to U bo denoted by or let 
Thus m case of an increase of pressure-height in any guide-tube, 
from its beginning to any point U in its course, k will be negative. 

For No. 2, let the same letters of reference to the diagram, and the same 
notation, be usod as for No. 1, with the modification for No. 2 merely of tho 
attachment of an accent to each lotter. 

Now as a part of the data on which the present investigation under Pro¬ 
position A IS founded, it is to be assumod that a unitol pressure is somehow 
maintained at E', the end of the guide-tube in No. 2, n times that which is 
anyhow maintained at tho corresponding point E in No. 1. Thus, if we 
denote these two pressures expres^ as pressure-heights, at E and E' respec¬ 
tively, by A, and (A,)', we have (A,)'«»nA,, and hence the fall of free level 
from beginning to end in No. 2 is » times the fall of free level from beginning 
to end in No 1. 
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Hence putting v, and (v,)' to denote the velocities at E and E' respectively, 
we have (by Theorem I., which proves that the velocities must be proportional 
to the square roots of the falls of free level) 

* (v,)' VI V», 

or (%)' =: V n . . . , (1) 

Again, from similarity of forms, wo have lu respect to areas of cross- 
sections of the two guide-tuboa *— 

area at E area at E' 
area at U area at U' ’ 

or since reciprocals of equals are equal.— 

velocity at E velocity at E' 
velocity at U velocity at U' 


or 

1 - 


V V ’ 

or by (1) 

V, V, V n 

V v' 

or 

v'sat/Vn. . . . 

This applies to any or all homologous points in the two regions of fiow 


Now by referring to the figure or otherwise, it will readily be seen that 
or the fall of free level from B to U, is saAj-f/—while A; and 

that therefore Hence, by Theorem I., wo have 

In like manner in No. 2 •— 

v'= V27(7+A:'); 

but by (2) v'mVw v 

Hence 

or 


But by similarity of forma /'■*”/• 

Hence, subtracting equals from equals, we ba\e 

... ... (3) 

but by smulanty of forms (Ajy»»nAt. . . (4) 


Also, since the pressure at any point in a stream-line, or guide-tube, is its 
mitid pressure minus the relief of pressure, we have 


and 


( 6 ) 

. ( 6 ) 
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From this last b} (4) and (3) got 

or rt(h^ — l)^h 

whence b) (5) h =tih (7) 

From tliH put P and P to denote total prLasuies on homologous small 

areas at U and L it follows that 


P=aT (8) 

Ihia holds good for anj homdogous places in an> homologous guide tubes, 
and so it holds for immediately ac^jacont places in any two contiguous guide 
tubes Hence, m resjKct to anj small element of the septum between two 
adj icent guided stream hlamcrits in I low 1 considered comparatively 
with a homologous eltmc nt of a septum in L1 )W Vo 2, the homologous dif 
forential pressures in No I and Vo 2 will be as 1 to n"* 

Thus the demonstration is now completed of all that is included in Pro¬ 
position A and wo are re ulv to go forward to the demonstration of Iheorom 
II, tor which Proposition V was meant to bo preparative hoi this wc have 
to observe that the con lueions arrived at in Piojjosition A h )ld good no 
matter what may b tho forms of the guide tubes provided that they be 
similar in both flows and no matter what may be tho distribution of 
prcssuies thioughout a torrainal interface crossing tho assemblage of guide- 
tubes in No 1 provided that the homologous pressures throughout a 
homologous terminal interface m No 2 bo anjhow maintained severally n® 
times those in No 1 Hence it in Flow Vo 1 tho guide-tubes be formed so 
that tho water shall flow along e^factlj tho same paths as if it were left 
tmguided, and wore left free to shoot awa} past tlio interface at F, to a 
distance from tho onhee grtat in proportion to the thickness of the issuing 
stream, without meeting any obstruction—and if the guide-tubes in 2 bo 
similar to th m—and if iiiNo 1 the system of pressures distnbuUd through¬ 
out the terminal interface at E be made exactly the same as if the water 
were flowing freely for a great distance past that terminal interface—and if 
m No 2 tho system of homologous distributed pressures throughout a homo¬ 
logous terminal interface at E bo anyhow maintained severally n* times those 
in No 1,—it follows that the differential pressure on the two aides of any 
element of a septum in Flow No 1 will be zero, as tho guide-tubes have 
there no duty to perform Then, on the homologous septum element m 
No 2, the differential pressure, being times that in No 1, will be jiero 
also Hence in No 2 the guide-tubes have no duty to perform, and the 
water flows in them exactly as if it were left unguided, but had still through 
out Its terminal interface the stated system of distributed pressures somehow 
apphed 

Now, for oomploting the demonstration of Theorem 11, nothing remains 
needed except to show that this stated system of distributed pressures 
requisite to be applied throughout the terminal interface at E will very 
exactly be applied on that interface backwards by the water in front of it, 
whi^ constitutes, for the time being, the continuation of tho stream past 
th jfcntcrfaoe 

For proof of this, conceive any cross interface F F (fig 9) further for¬ 
ward in No 1 than E K is, and conceive a similarly situated cross interface 
F F in No 2 By exactly the same mode of reasoning as before (making 
u*Mj of tho like 8uppo<*ed introduction and subsequent removal of guide^ubes), 
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that leasomng being now applied to the two flows oomraencmg at the initial 
interfaces E ( D and E C 1) and continued to the terminal interfaces 1 F 
and I t , it results that if the let in No 1 be albwed to flow freily to and 
far past the mterfiee 1 1 the jtt in No 2 terminating at ^ F can bo 
left to flow ungui lei with stream lines similar to tliose in N i 1, ft^'d with 
the simo relitions of pressures xnd velocities at iH various places to the 
pressuies and velocities in No 1 is hivo boon alroaly proved for the flow 
t<rminating at T L provi led th it homologous piessuros timi s fh ^so at 
1 1 be null w maintsmod at I F Thus then we see that it adjusted 
or n quisite }r(hsure systems sueh is haioliein already full} explained bo 
maintiined it 1 h in 1 F 1 the two stn nms one t xten Img backward 
fiom h r ti 1 I and the othoi friiu h h to I I will transfer biekward 
just sikU pressures to HUoee shiv t pile s in retMgrile order in their courses 
as that th > wdl (f tiunisehos nppl} at the mterfioes F h and F F ex¬ 
actly the alrca 1} Hfoeitiod requisite pre«iHuro systems Jhus we can depart 


hig 9 



as f^r as wo please from the oriflcos forward along the two streams to the 
places where, for purposes of reasoning, certain deflnito pressures are to be 
supposed to be applied in two homologous cross interficee Now it may be 
taken as evident that, by going far enough away from the onfico to the 
terminal cross interface, we can make, for any disturbances or departures 
from the specified pressure relations, the effects propeigatcd backwards to 
the water m and near the onfices as small as we please or that, oven if 
we were to apply not exactly the strictly roquisito pros'^ure systems at those 
terminal places, still the effects of this departure from perfect exactitude 
would fade away rapidly m either stream as we transfer the place under 
consideration baokweids against the current towards the orifice In oorro- 
boration of this, observation on the flow of water spoubng from on onfloe 
may bo appealed to as setting this matter beyond doubt, through its showing 
that any changes of pressure introduced in a jet of water at any place far 
1876 s 
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away from the oriftoe (as, for instance, by the insertion of a rigid obstruction) 
will transmit scarcely the slightest effect back to the region of the onflee ; 
or, m other words, that in a free-flowing jet spouting through the air, the 
effects of obstructions fade away rapidly m the direction contrary to the 
current, so as to become imperceptible at a very moderate distance taken 
back fiom the obstacle m the direction again5*t the flow—very moderate 
relatively to the thickness of the jet 

Even without this appeal to CTpcnmontal observation, we might almost 
intuitively pcrceire, or might readily admit, that the introduction of more or 
less pressure than any 8tate<l amount in the stroani, at a place whore it has 
got well clear of the orifice, would bo only very slightly influential on the 
flow as to presrturcs and as to velocities and directions of motion within the 
vessel and near the oriflco and contracting vein A rciwon for this is, that 
while on obstruction in a free jot will require a great change in mode of 
flow of the jot close in front of it, yet the jet a[)proaohing to that region 
need have its outer filaments turned aside only very slightly indeed to allow 
of all porta moving forwanl without any of their stream-lines, whether me¬ 
dial or at or near the surface, being sulqoctod to almost any increase of 
pressure, and conseijucntly without the velocities of an^ of thorn being almost 
at all retarded. This will readily he cloarl} understood by reference to 
% 10, where the water is shown as BjK)uting against a stone without being 


Fig 10 



made to thicken its stream sensibly in consequence of the obstruction, except 
for a very short distance at G in front of the stono—that is to say, in the 
back-stream direction from the atone. If we were to auppose that the stone 
would have a tendency to produce, at such a place as K, any oonsidmble 
increase of pr^suro in the internal or central stream-filaments of the jet, we 
would have to notice that the external stream-filaments next the atmosphere 
would fail to resist this augmented pressure; and, instead, they would, with 
only a very shght change in their own velocities or pressures, yield a little 
outwards, and so would not exert on the mtemol flloments the oonflning 
a^on that would bo requisite for the maintaining of more than an extremely 
slight augmentation of pressure in those internal fllaments. • Then it is obvi¬ 
ous that if the pressure is veiy httle augmented, the velocity must be very 
1^' abat^ j and so, for this reason, the stream will not tend to thiok^ 
itself ^pt very slightly, because any considerable increase of oross-aeotiontl 
area of the stream would require on important abatement of velocity, which, 
as said before, would require a great increase of pressure in the internal 
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filaments, while the external filaments would fail to exert that nooessary 
confining pressure. These external filaments could, with very little change 
in their own velocities, allow even of a great augmentation of Iho cross- 
sectional area of ihe jot if the internal filaments, h} abated velocity, were 
requiring to boconio t onsiderably thitkei than before, in virtue of the intro¬ 
duction of the obstiuf lion Tt is onlj the rapid (.hango of direction of motion 
of the paitules of water in the outer filaments in the neighbourhood of Ct, 
oioM to tho obfltrmetion, that enables them, by w'hat may be called tbeir 
centrifugal force, to maintain a greatly increased internal pressure very close 
to tbo obstruction, and so lo allow of the water in the intomui struam-fila- 
inents abating its velocity, and of those filaments themselves swelling in their 
transverse dimeusions 

These oon^^idorahons comjilcfe all thnl is neccssnrv for tho dcraonstration 
of Theorem TT., and it niny now be regarded ns proved 

Fokiiui V ion THi. Flow or AViter in thf V-notcit 

From tho foregoing pnnciplc we can find intuitively the formula for the 
quantity of water which will How thiongh a V-notch in a vortical piano snr- 
fiico, os in fig 11 We can roc it at onco b} considering any stroara-filamcnt 


Fig 11. 



in tho flow in ono notch, and tho homologous stream-filament in tho aimila 
flow in another notch similarly formed, but having its vertex at a different 
depth below the stiU-water surface-level. Let tho ratio of tho depth of the 
vertex of the ono notch below the still-water surface-level to tho depth of 
tho vortex of the other bo os 1 to n, so that all homologous linear dimensions 
in the two flows will be hkounso as 1 to n Then, m passing from any cross 
section of ono of tho two homologous filaments to the homologous cross scobon 
of the other, we have the oross-seetionol area x n*, end the velocity of flow 
x Vn ; and the volume of water flowing per unit of time, being as tho cross- 
sectional area and the velocity conjointly, will vary as wo pass from the one 
to the other of the pair of homologous filaments, so as to be x Then, 

as this holds for every pair of homologous stream-lilamcnts throughout the 
two flows, if we put Q to denote the quantity, reckoned voluminally, flowing 
per unit of time in each of tho two entire flows, we have 


Qx nf. 


Now, OB well as considering two separate notches with different stroomB 
flowing in them at the same bmo, we may, when it amts our purpose, con¬ 
sider one single notch with streams of different depths flowing at different 
times , and if in vanoas case?, either of the same V-notoh or of different but 

s2 
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similar V-not-chcs, tlonolc tbo height oi the still-water surface-level above 
the level of the vertex ol the notcli hy wo have 

(9) 

where r is a ronslurit rrx'fflclont, whith cannot bo deUmiiK'd bj^ theory, but 
can be very satislactoul} delt'nuintd by (‘xponnuMit (or anj desired ratio of 
horizontal width to vortical dcptli to he adopted loi tho iorm of the notch. 
ExpenmentH dotermuiing the values of ( tor ceitiun toinis and arrungeincnts 
of V-notches, suited tor pinctual eouvonjcu((' and uttlitj, have already been 
made by mjself, and have been lopoited on to tho liiitish \sMniatum, and 
tho lloports on tlioin are jninti d in tlu' liiitish Vssocnition volume for Ixseda 
Mooting, 1S5H, and in tliat toi Mdiicheslei Meeting, IStlJ 


Lnvkstioaiton Ol A b^ortMi LV ion rni Flow oi Watfu r\ \ lli crANourAii 
Norm vv mi Jn \il C'ni^ir in a Vruxii vl Jh ani Fai e 

It iH to he premised that the long-known and gt'uerally used foiniu]as for 
tlio How of winter in lectangular notches ]>roiight out by tho Ho-ralh*d 
'‘theories” which 1 have dibsentod trom in the eaihtn part of the present 
paper, huTo been maml} o1 the form 

where Q denotes tho volume per unit of 

li denotes the hon/oatal lenglli of the notch, 

?i the veil leal height from tlic crest ot tlio notch to (ho still-water 
8U1 face-lev ('1, and 
g the coefficient for gravity, 

and where c has either boon taken as a constant numeneal coefficient for 
want of accurate oxpennicnts to determine its values for diftenait values of 
L and h, or has boon troaU'd as a vanablo Poncelet and Lesbros have 
taken this latter course, nnd have deduced b) experiments extensive tables 
of Its values for different depths of water in notches of the width on which 
they oxpiTimontcd—a width, namely, of 20 centimetres ♦ As, however, the 
coefficient tor terrestrial gravity vanes hut btUo for difTercut parts of the 
world, it has most frequently been left out of aceount, a single a>efflcient c' 
being U8C<1 instead of tg; so that if, for instance, when the foot and second 
are used os units of length and time, wo take 32 2 as a correct enough state- 
niont of tho value of g for any part of the world, wo have F=t32'2c. 

A new formula, involving an important improvement m its form and 
adjustAid so ns to bo in duo accordance with numerous elaborate expi^nments, 
was developed within or about the time from 1846 to 1855, in America, by 
Mr. Boyden and Mr. Francis, both of Maasachussotts It is 

Q=3 33(L-,>jnA);A 

where Q is iho quantity of water m cubic foot per second, 

L is the length of tho notch in foot, 

h IB the height from the level of tho crest to the still-waier surface- 
level m feet, and 

n is the number of end contractions, and must be either 0, 1, or 2. 

* M^raoire* de rAcad^mu' cles Sca^m^es SciPncen lUluth^^inatmues et PliTaiquei, tome iu 
1829 
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This formula was offrn'd by Mr. Jnmos 11 Francis, in his work cniitlod 
“ Lowoll 11)(Iraulic Experiments,” iind published at Boston in 1855, not as 
one founded on any complete theoietical views, but as one depondinj^ on 
Hovoral assumptions ptobahl) not ])orfectly correct, and jet as one whieli, 
through numerous tnals and by adiustmcnts intioduced tentatively in titting 
it to expenmout il residl-s, had lioeii hionght out so as to agree ^ci) closely 
With expenmeiits 

In § Il30, <it pige 72 c»f his work, Mi Fninc is sajs -—“ No coiroct tomnibi 
for the discharge of water over 'wmrs, found<.d n])on natural laws, and in- 
“ eluding the secondaiy ctfoets of these bius, being known, wo must rely 
“•ontiroh upon experiments, taking due cate in tbe ajiphcal ion of any formula 
“ deduced from theneo not to dc‘pjirt too far Irom the limits ot the expe^nments 
“ on winch it is foundc-d ” And in 12‘t, 121, at page* 71, in respect to the 
conception of the foimula, ho fiiith(‘r givc's the following verj clear expla¬ 
nations —‘ The contrac'tioM whicli takes place at tlie ends ot a well diini- 
“ nishcs the discharge Whcui the wcii is ot consideiable length in proiM>rtic>ii 
‘Ho the depth ot llui vvatei tlowing ovoi, this dimiuntion is evidently a con- 
“ slant (luantit) , whatever maj he the length, ]>iovided the depth is the samo , 
“ we may, theicfoie, assume that the end coutim lion effc'ctivcdy diminishes the 
“length of such wens, by a cpiantity d< ponding only upon the dc]>th upon 
“the woir It is oMdont tliat the imourit ot Ibis diminution must incieaso 
“ with the depth , we arc un ilile, however, in the picsent state ot scicmee, to 
“ discover the law of its vauation , but exporimcmt has proved that it is very 
“ noaily in direct propoition to the depth As it is of groat importance, ui 
“ practical applications, to have the formula as siin])lo os possible, it is assuincxl 
“in this woik I Mr Eranois's book] that the cjuantitj to bo subtracted fixun 
“ the absolute' length of a weir having complete contraction, to give its oitectivo 
‘Meugth, 18 lUrectl) piopoiiional to the d<‘pth It is also assunusl tliat the 
“<iuantity dischaiged by weirs of eciual offectivo lengths vanes according to a 
“ constant power of the dc'pth There is no reason to think that cither of 
“ these assumptions is pcirfectly coriect, it will be aeon, however, that they 
“ lead to results agreeing verj closcdy with exiieriincnt 

“The foimula proposed tor weirs ot oonHulerablo length in pioportion to 
“the depth upon lluuu, and having complete contraction, is 

“ U=C(L-^m70/<", 

“ in which (i=tho cpiantitv dischaiged in cubic feet per second , 

“ (J = a constant c oofllcicnt, 

“ L = tbe total length of the wcu* in teet, 

“ 6 = h constant cootHcumt, 

“ /i = the number ot cud contractions In a single weir having com¬ 
plete onntiaction, n alwujs espials 2 , and when the length 
ot the wen is cijbal to the width of the ctuial leading to it, 
n== 0 , 

“/(=atlio depth of Water flowing over the weir taken far enough 
uptreaiu tiom tho weir to bo unaffected by the curvature 
in tho surface caused by the discharge , 

“ a=a constant power 

Tliw formula, Mr. Francis states, was first suggested to him by Mr. Boyden 
in 1840 

The important novel foatuio m this formula consisls in the subtraction 
which it makes, from the length L ot tho notch, of a length for each end 
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contraction directly proportional to the height of the etill'Water Biirface-lovol 
ttboTe the crest in order to find \\hat may bo treated in the formula a» the 
ffffiiivf Jtngih 

The formula in ita general form here last noted expiesscd only in aymboJs, 
os also in lU subHequentlj developed form hero previousl} stated with 
numerical coefficients arrived at by tentalne application of numerons exj>&- 
nments, is thus to be regarded as an ingenioush ananged and valuable 
empirical formula, but not as one founded on uuj tiustwortliy hjdrokinetic 
theory. It is founded paitly on the old ordinary InLse theoretical ’’ views, 
and partly on good conjectural assumptions, and is adjusted and approxi¬ 
mately verified hy elaborate cxpennients couduotod on a scale unusually 
large, and with unusually good means tor attuiumcnt of exact results. 
Mr. Francis, it is to be noticed, explains that, in tho formula as finally 
brought out, tho index for tho jwuer of tho height ot tlio water is taken as 
an exact traction, in preference to some unasceitamed tractional expression, 
different in no great degree from 4. merely for tho attainment of facility m 
calculations in the piactieal aiipficatums of the formula, and not for any 
thcoichc reason. Also it is to bo noticed, in lespect to tlie value W'hich 
ho assigned for the symbol />, that the bym})ul itself was first assumed us a 
consttuit lathei than somo unknown vanutd depemkut t)U A, ond was after¬ 
wards fixol at the particular value for tho Mike, m both t<ises, of attaining 
a convenient degree of simplintj winch by trials was iound to be attainable, 
consistently with good accordunce bitween the repiesmitilions afforded )>) 
the toimula and the results shown by expemncnls lie bujqioHed, however, 
that “ irmuv other values of <r and h (piobably an unlimited number) might 
“ be found tlmt would accord somewhat uoarur with tho expcrimcnta*'*. 

Many years ago, after my having bec-onie acquainted wiUi tho empincal 
formula thus made out by Mr Hoyden and Mr Francis, it occuiTed to me aa 
desirable to attempt to invosiigalo hy hydrokinetic pnntiples, without special 
exporimonts, a true formula for the flow of water in rccUingulur notches m 
vortical thin jdutes, or vertical plane fates, on the hypothcbia of the water 
being a i>erfect or fnctionlcss fluid, and by using in tho formula symbols 
for constant coefficients, >vhiob, after the finding of tho formula, might be 
detcrrainod by n small number <if accuiate experiments, and might further 
bo tested as to their tuisl worth mess, or might bo amended so as to become 
more exact, by a largo number of varied experiments. It will bo interesting 
to notice that tho formula winch bad previously been arnved at in America 
by Ml Boy don and Mr Francis in tho way already desenbod is in perfect 
agreement wuth the formula which, by my own iiivewtigation, la brought out 
by stnot scientiflc pnnciplea aa a highly exact formula for w^ator considered 
as a perfect fluid, and as being a very satisfactory representation ot the truth 
for real water. 

It is to be noticed at the outset that obviously a notch may bo made so 
long relatively to tho depth of its crest from tho still-water surfaco-lovcl, 
that, for liny additional length, tho increase of tho flow will bo proportional 
to tho additional length. Let mh, in W'hich ot is a constant multiplier, bo 
such a length as that, for additional length, tlio additional flow will be jiro- 
portional to tho addition made to the length In fig. 12 lot A B be the crest 
of tj'e notch, and let C H be tho level of the still-water surface of tho pent-up 
wtttcl Lot A E and B F bo each equal to ^tnh^ so that, over tho part E P 

* Lowell Hydruuho ExperimenU, 1156, p 118, $ 153, p 116, and the pasmge quoted 
shore from § 123, pw 74 
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of the crest there will flow a quantity of water exactly proportional to the 
length of h F if the width of the notch he varied while the depth h of the 
water remains unchanged Let the length h 1 be denoted by I then 

Zs=L— mh 

Now out of the entire flow conceive the middle portion which flows over 
F F and m ly be regarded aa bounded lateral!} by two vortical planes per 
IKndiculir to the plane f f tlie oiiftce one passing through > It and the other 
through F S to be t iktu awu} and suppose the two remaining parts which 
flow ovti A.h and hi witli the mcessary lateril pirts of the notch plate 
to be brought together as shown in fig 11 so as to form one notch having 

Fig 12 



mh for its width and h for the height from crest to still water level and m 
whioh, therefore, the width of th notch shall boar a const'iiit lati) to the 
height of the water when the height vanes, the width being always ii times 
the height 

Then by exactly the same mode of procedure as that already used for 
finding a tormula to show how the quantity of water flowing in a V notch 
vanes with the dopth of the vertex or with any other linear dimension of the 
flowing stream, wo can readily seo that if we put Q to denote the volume of 
water flowing per unit of time in the case represented m fig 13 we shall 
halo 

(l=^ahWh ( 10 ) 


where a is a constant ooefflciont 

Next to And an expiession for the quantity (voluminolly reckoned) flowing 
over the middle pait h 1 of the crest we may consider first, of that middle 
part a portion G K taken always of a length beanng a constant ratio to h , 
and for simplicity wo may take it of length equal to h* Now in this stream, 

* Or to meet the case in wluoh there might not be between E and 1* a lo^h to great 
as A We might ai well oonaider in another notch haring great width and hariiig a height 
of flow equal to A a portion of the flow not near either lateral extremity f the uoUh and 
oocupjing a length of the crest oq lal to A 
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flinco tho width has in geiieial a constant latio to the depth, or, in the east 
more particularly considered, since tho width is equal to th<» doptli, tho 
quantity flowing i>or unit at time will, as in the jirecoding ease, ho projKir- 
tional to the J power ot the depth, oi wo IwNe 

Flow o^e^ (1 K=iVtWh, where /I is constant 

Hence it tr be tho flow, m units of voliirue per unit of time, over a unit of 
length in EF, we luno 


hy inidtipljing this !>> I we gtt the quantity tloiMng o^el llie entire middle 
part EF jK?r unit of tune , and m), denoting that (jujntilj }»} wo ha\e 


or 


4 =/j//iVA, 

4" 5=/^( L — n//i)A V A ) 


(10 


\dding tho expressions for Q' and (i" together, we get for the total flow in 
tho whole notih, which wo may denote by 4, 


or 


4=/l(L— inh)h haJiW A, 

4«/Hi/^A~(/?m- a)h VA, 


u 


=<' 


hut ^ 18 a constant, and lot it bo denoted b} 2A , and maload of iho 
constant /) wo ma), m order now to use English lottors, put a Then 

4=«(L-2AA)^^ . . .0^) 


which IS tho desired formula for tho flow of water m a rectangular notch 
with two end contractions 

This iormuia admits of easy modification to give a formula suitable for a 
notch with only ono end couirattion*, thus — 

Let tho width of the notch with only ono end contraction bo denoted by L 
(as m fig. 14) Thou couceno a notch twice as w ide with end contractions 
as shown m fig. 15 Tho flow in this doublo space will, by tho formula lust 
obtained (12), bo seen to be —liAA)7i^, and so if wo put now Q to 

denote the flow in tho notch under consideration (shown in fig 14), which 
wiU bo half the flow in fig 15, wo have toi the notch with only one end 
contraction 

4=«(L—AA)A^ , , (^13) 


*■ It IB to bo undereUH>d that oontraotjon lany be pre\cuU‘d at either ond of a noUh by 
there btnng a verUoftl plnno hide fnw for tho t'liama.1 ot &]fproaoh to the notch, that side 
faoe beuig perpondiculur to tho piano of tho notch, and extending up-Btream front the 
not4}h so as to roach bojoud the region of mcipient nipid flow to tho notch, and oxtondiug 
for hi tie way down-stream jiast the notch, so as to alford tlio noa^sary guidance to tho 
iBBumg Blroam-tUamenU In hko manner, by two pHi-alie] voHioal tndo walls or tndo tacca 
to the channel, when the crest of the notch extends quite m row from the one wall-face to 
the othfr, oontrortion ms) be prevenlcd a! both etide 



ON THE EIOW or WATm THKOUl II ORiril ES 


265 
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Alao horn 01) b> changing as doiii bdoit the kttci /3 into tlic hiiglinh 
ktfcir (/ wo Bco tint for u notch with no end cjuti uti>n (< ntrntnna Ixiiig 
prcvtnltd ut both ends bj \cHuil guiding suk fi ts pu])<.iKluulai to the 
pluic ot thi notch) \\oul(i li ivt 

(4=(/l/i» (14) 

Now tin thioo 1 ninulaa (IJ) (11) and (14) may be combiiud so ay to bo 
oxpr(.Hsed together, thus — 

il=^a{\j — nhh)h'^ (15) 

Mhcro n 18 tlio number o) cud contncli xis ind must bo either 2, I, or 0 
To dcUrmine the eonstanls a and / nil tlmt would bo neccasur} would bo 
to hiiM two very aceumk oxpt luncnts on the fl )W ot water in one notch at 
diftorent depths or iii two notchcH of the same kind with tho ratio ot the 
width to the^ d( pth not the a imt in hedh IJion putting into the tormula 
tho measured values ot T A and Q for tho ono exi)enmtTit, and then nguin 
those for the othei, we would have two u]uations with two unknown sym¬ 
bols, and so we could hud (ho numeneal viIiuh f f those symbols It would, 
of course be ehsirible f w evpenmeiital iLriticalion of the theory on winch 
the loimuli is lounded as also ihi mutudl \ciitn it ion or U'lling of tho expe- 
nineniil results tluuisclves, to ha\c nunieious extauincnts ou the How for 
various ekiitlw in \anuU8 notehes ot different widths, so ns to duel whethor 
tho tormula would fit salislactonly to them all, or to all of them that, after 
Comparison, would bo lourul tiustwoitli} provided that the widLli of tho 
notch be not too small in proporti m to the depth of the flow, or that in all 
eases the width be suflieiont to allow ot there bung at hast some small part 
m the middle where the laU ot flow pel unit ot time would be pioportional 
to the length ot the juit ok llie ercst to which that flow would belong 

Mr Iniiums expennients ami his reductions of the usults carried out in 
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bifl own way give the formula complete, with its numorioul oocffioients, os 
follows •:— 


Q=3 

where Q=stho discharge in cubic feet per second, 

L=tthe length of the notch in toot, 

7j=thc number of end contractions , 

/t = the height from the crest to the still-water surfuco-level in feet 

Mr. Francis also states that this formula is not applicable to coses m which 
iho height h trom the crest to the still-wal-cr surface-level exceeds one third 
of the length, nor to very small depths In the expenmenta from which it 
was determined tlio depths laned from 7 inches to 19 inches, and he remarks 
I hat there seems no reason wh} it should not be applied with safety to any 
depths betwoeu 6 inches and 24 inches. 


Hepori of the Anthropometric Committee, consistvip of Dr. Beodoe, 
Lord Aberjdare, Dr Farr, Mr Francis Galton, Sir Henry 
Rawlinson, Colonel Lane Fox, Sir Kawson Rawson, Mr. James 
Heywoou, Dr, Mouat, Professor Rolleston, Mr. Hallbtt, Mr 
Fellows, and Professor Leone Levi 

'Dig Anthroi>ometnc Committee have been engaged during the past year 
in preparatory work They have secured the cooperation of gentlemen hold¬ 
ing positions under Government as inspectors of tho army, of the navy, of 
factories, and of pauper schools. They have prepared schedules and instruc- 
bona, and have had them printed . and they have purchased a small outfit of 
instruments to send to places where measurements are to bo made lu largo 
numbers. 

Under these cncumstances they are unable to make a report of anthropo¬ 
metric results, neither have they been called upon to expend more than a 
small portion of tho grant of XI00 that was made to them in 1876, the 
larger part of which will be required to pay for the reduction of obsei vatious. 
Consequently they ask that the Anthropometno Committee may be reap¬ 
pointed, with modifications, and that tho grant may be earned forward to the 
year 1876, 


Lowell Hyd Sxp } 164, page 133 
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On Cyclone and Rainfall Penodtctltes in connea:ion loith the Sun-spot 
Periodicity, By Ch4RLES Mel drum. 

[ f^nntftd xn cxtmto by tho authority of the Council ] 

In continuation of the paper on this subject published m the Report for 1874 
(pp 218-240), I beg to submit the follomng brief discussion of the cj clones 
of the Indian Ocean, between tho equator and 34° K , in the years 1808-73, 
and of the rainfall m ditferent places from 1864 to 1872 


Cyclmxes, 

The number of cyclones in each year, the positions of their centres at noon 
ou each day, then ei^tdit, duration, &c have been approximately determined 
in the waj ahead) desinbed, and tho results aie given m Table 1 

Fiom that and the similar Table given in 1874 we obtain tho following 
general results for tho twenty }eais 1856-75 *— 
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3,447,900 0 
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1876 

8 

1770 

940 

396,4098 

30 
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It will bo aeon that, on the whole, tho number of cyclones increased from 
1867 to 1862, decreased from 1862 to 1807, then more»i8ed to 1870, and 
again decreased to 1876. 

The distances traversed hod nearly a similar progression, increasing from 
1856 to 1861, decreasing from 1861 to 1867, then increasing to 1872, and 
again decreasing to 1875, 

The areas have been determined by finding as nearly as possible the radii 
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of tho 8pacc9 (cotiBuicrod more or loss cinular) o\cr which tho wind blow 
with tho force of a ' strong gile ' Ihcj thcrcfoic are not tho entire auafl 
But, apart troni thi«, owing to incomphto intormutum, tin rulii tiu not known 
for each daj and he net the irca« uc only rough itppi ^Kiimitions Ihcrc is 
no doubt howcMT that the} inutUHtd tioiu oi t) l^hU,decreastd 

from 1%0 to l^t)7 lucnantd fi m 1st 7 to iS7J and iht n decreased lo 
lK7r> 

On the whoh time was a similii progitssion in tho duration of tho 
tjclouos, tho sniilltfat number ot dn^ I ting m 1^5(i IS'>7, Ist)7, and IS7‘”> 
and tho greaUst in iStil and 1 S70 

I ho total arc t e the inodutts of tht nitan irt i ot ciuht^tloiu b} tho 
numhir of dajs it lasted inru \s< d Iroin lS5h U I'^hl di u istd from |st>i 
to lS(i7, iiRuasid (r<m I S(»7 to is7J and tin n detleased t> 1S7') 

It is to bo rtni liked hiwovti that Uu Utilaieasf r tlu 3 <aislStO (>2 
Nvtie miieli gre dcr tlian thost tor the }caTH 7- lius nva) be^ owing 

paid) to the ra hi f r tlu Utter \<arB having lucn mule n timited Un tho 
other hand tlu umnh i et c\(lonei-ela}s in Iho >eais ls7<t 7J was Henucwhit 
gieater than in the m uh is^t (>1 


VsiLfficient uunihci ot ramlHll icturnH for tho jeais 1^7 1 7"i have not }et 
been ohlaincd hut the aiiuiud me ui i imlills at seventy (ven stationH tionv 
lS54io iSbl ind at seveiitv two stations trim iStjd to ls7i no given in 
iablc ll,inwhi(h tdl the lauitall ebwirvatioiiB it ni) disposal have bei n 
Used, excejit a tew Prussian and MauiitiUB ones which would not have itfeeted 
the general r< suits 

Ihc iablo sheiws that, with baldly an exciption the sun spots ind lani 
tall were both above or both bt Uw then rofepoctive averigCH m the saim 
years 

By taking tho longer penod 184 i 72, and expressing tho amounts e>l i un 
fall and sun '-pots in pereontages, we get (he following results — 
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First Report of the Committee, consisting o/Dr, Joulf^ Prof. Sir W. 
Thomson, Prof Tait, Prof. Balfour Stewart, a«rf Prof Maxwell, 
appointed for the purpose of determining the Mechanical Equivalent 
of Heat 

^VE are able to report that progress has been made Mith tho oxpenmeuts 
undoitaken by Dr, Joule on bolialf of the Comraittoo. Priction of prater ja 
tho method he has employed, and tho average result of upwards of sixty 
experiments is 77J 1 m liritish gravitation units at ManohoatcT, the greatest 
deviation from tho above average being 

Experiments* have yet to bo made on tho eapanty for heat of tho brass 
of whieh the calonmoter la constructed, wlueh haa provisionally been calcu¬ 
lated from the results of Jlegnault for this alloy I’he greatest ]) 03 siblo error 
which muj have aiisen in this way is believed to bo -|Jy. l)r Joule also 
proposes to compare his morcunal thermometers with tlio air-thermometer, 
with u view to obtain accurate boiling-pointa, and thus correct values of the 
thormomotne scale Tho greatest correction which it may bo found needful 
to apply on this account amounts to about These maximum corrections, 

if taken in tho same direction, would noccssitato the addition of 4 5 to the 
oquivaJcnt above named 

The experiments made b) Him on tho friction of water have led him to 
the number 786. But tho average of his results, derived from the fnctiou, 
bonng, and crushing of metals, gives 774. 

Assuming that the above expenmonts and those made by Dr. Joule for the 
Committee on Standards of Electneal llesistance are to be rehwl on, the unit 
issued by it would appear to havo a resistance too small by A* 

The Committee are happy m being able to slate that Professor Maxwell 
has been working some time with a view to the rodetermination of this unit, 
and that he has also undertaken fresh direct expenmonts for determining tho 
dynamical equivalent of tho thermal unit 


Report of the Committee appointed for the purpose of promoting 
the extension, improvement, and harmonic analysis of Tidal Obaei - 
vattons. Consisting of Sir William Thomson, LL D,,F R S , Prof, 
J. C. Adams, F,R S , J. Oldham, William Parres, M lnst.C\E., 
and Admiral Richards, R.N , F.R.S, Draw up by Sir William 
Thomson. 

Since tho publication m 1873 of tho Committee's Report for 1872, a large 
amount of work has been gone through in the wa) of harmonic analysis, ex¬ 
hausting tho funds at tho disposal of tho Committee for this purpose, but none 
of the results havo hitherto been published. They are now offered for publi¬ 
cation in this final Report of tho Committee, and along with them, by permission 

* fThese oxpenmenU, up to tho prosont d*te, show a smallor capacity than that antici¬ 
pated^ bringing up tho equivalent to 774 1, which will bo aubieot to a ■mall correction, 
pOieiblraraouating to lia, on ao^’ount of the thermomet no »wl6 error —November 

Wim V J.] 

T 2 
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of the Council of the Royal Hocioty, some further results obtained by aid of 
grants of XlOO and j£50 made by it to Hir W. Thomson out of tho Govern¬ 
ment-Grant Fund foi scientific investigation. The work has been all done, as 
herotoforo, for the Committee, under the superintendence of 8ii AV.^Thomson, 
by Mr Roberts and assistant calculators woiking under lus immediate direction, 
according to the plans described in the Reports foi ]S(iy and IhOi) and sum¬ 
marized m the lioport for 1 b72 The work done for tho Committee consists 
of the full harmonic reduction of — 

(!) Ten gears’ observations taken by tlio sclf-registonng tide-gauge at 
Holbro Island, at the junction of tho Mersey and the Dee 

(2) Two yoais of Xurracheo, in addition to tho three years previously 
analyzed and published 

(II) Two years’ tidal observations b) self-registering tide-gauge at San Diego 
(lat. 32° 42' N., long 117^ 13' W ) on the coast of California, undone year’s 
observations at Fort Clinch, Fernundina (30^ 43' N , long. 81° 27'W.), Florida. 
Tho woik of tho Itoyal Society consists of full harmonic reductions for three 
years’ observations bj sclf-registenng tide-gauge of AVest Hartlepool, nine 
months of Port Ix'opold, 1 It) days of Bceehey Island, ono jeiir of Rrost. 
and (a fiist attack on Meditenaneaii tides) one }oar of Toulon. 

Helhie hlandy 1858 /ol867 mclumve —The results for llelbre Island have 
been found from neaily tea jeais* consecutive observations taken by a sclf- 
registoring tide-gauge at Groat Helbro, about eight miles direct or sixteen miles 
by water-( hanncls from tho tide-gauge at Li\ crpool, on tho St George’s landing- 
stoge. Roth these lido-gauges are under tho charge of Captain Graham H. 
Hills, R.N , Manno Sur\cyor to the Board of tho A1 erso}-Dock Estate ; and 
the Committee is indebted to lum for the loan of tho tide-diagrams from which 
the present results are obtained The ilont of the Helbrc Island tide-gauge 
works in a well, into which the tidal water n admitted by a pipe below 
low-water level This connecting pipe is kept tree b) about once every month 
closing lU mouth, and allowing tho wnt<‘r to rush out at low water. 'I'he 
tidc-gaugo clock is kept accinatel) to Greenwich mean time by time-signal 
from Bidstono Observatory In llie }Lar8 1800, 1803, and 1804, on account 
of accidental interruptions, the observations only began on Man h 1, March 29, 
and June 3 icspcctively , m each of the other seven years the observations 
began on Juii I Tho results of the harmonic anahsis are given in tho Tables 
below' Tho dulum-levd from whuli tho moan heights aie calculated is 
the same os that used tor Livcipool, being 12 feet below tho level of the “ old 
dock bill ” 

The results sliowui m tho Tables for the separate years agree fairly well to¬ 
gether For e xamide, the e \ li erne diflbi once for tho \ aluo between the ampli¬ 
tudes of tho solar soimdiurnal (Rj^ of H) is *0879 of a foot, or scarcely more 
than an inch, and tlio epuclib of the same tide 2° 1 of the circle, or4 2 minutes of 
timo. Tho amplitude of tho mean lunar semidiurnal tide (B^ of M) vanes from 
year to year, on account of tho varying inclination of the moon’s orbit to tho 
earth’s equator, very nearly in accordance with the equilibrium theory as 
set forth in Tables 11, and 11'. (pp. 305 & 307). 

The variations which tho Tables show m tho \ttluo8 of tho lunar declma- 
tional diurnal tides (R, of 0) and the lunisolar declinational diurnal and 
Ir lisolar declinational semidiiirual (Rj, R^ of K) are bkewis© perfectly 
accounted for. 

The following companson botw een the evaluated results of the mean solar 
and mean lunar semidiurnal tides and thoir ovcrtides, and of tho compound 
Helmholtz lunisolar quarter-diurnal tide of Liverpool and Helbro Island, is 
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exceedingly interesting, and demonstrates the very rapid formation of ovcrlides 
in channels where the rise and fall is great in companson ivith the depth at 
low water. The results for Liverpool (Report 1872) are tho means of seven 
years’ roductioriH, and foi Holbro Island of ten } ears’. Tho value of the mam 
tides arc approximately equal at both places, the solar and luiiai semidiurnal 
tides at Holbro Island being only about one and two per cent, resperlively 
less than the corresponding tides at St. George’s landing-stage nt laverpool. 
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Tho results for Kurrachee form a ooniiuuation of tho thieo jcars’ results 
included in tho Report for 1872 Tho previous results arc given, quoted 
below fiom tho Report of 1872, along \Mth tho now results for tho sake of 
comparison. Tho rosulls for tho whole llvo jears thus now given together 
agroo vory fairly Mith one another, and form a very valuable set of tidal com- 
ponenia for this iwtion of tho rndian Ocean 

Through tho kindness of TrofossorH Pcirco and Ililgaid, of tho United-Slates 
Coast Survey, two jeais’ tidal obBor^^atJons takon at Sau J)iego on tho coast 
of California, and one jcai’s observations taken at Fort Clinch, Fernandina, 
Florida, have been placed at tlie disposal of tho Committee, The harmonic 
analysis has boon completed for these obflervutionH, and the results aio given 
below. The CommitU'e aro also indebted to the United-States Coast Survey 
for tho observations at Fori Point, California, and Cat Island, (iulf of Mexico, 
of which the harmonic reductions were jmbh&hcd in tho Report for 1872, 
These results also are repented in the present Repoit, as well as thoso for 
Kurrachee, for tho sake of comparison. 

The agreement of results foi the two years for Sau Diego is exceptionally 
good throughout. There is a romarkublo dispropoitiou between the values 
of tho smaller and larger elliptic semidiurnal tides (R^ of I and X) The 
equilibnum-thcoretical proportion bctwion these components is about as 1 to 
7, but tho proportion hcio is (moan of two years) about us J to 35 'J'lie 
smaller comiwuent is exceptionally small. 

The retardation of phase of spring-tides (0 030 day) is less than that de¬ 
termined for Fort Point, San Fiancisco Bay, and h tl»e smallest value yet 
found for any i>oi t 

One of tho chief points of interest in tlio results for Fort Clinch is tho re¬ 
markable disproportion between tho moan solar and the mean lunar semi¬ 
diurnal tides, which la as 1 to 6 very nearly. The cquihbnum-thcorobcnl 
proporUou being about ns 1 to 2 1. This is verj uLarl} fulfilled between the 
solar and lunar diurnal tides (K^ of P and 0). The time of tho coincidence 
of phaao of tho P and O doclinational diurnal tides is hero negative This 
la the first instance yot found of the coincidence happening before the times, of 
New and Full Moon. 

Among tho most inteieating results found by the reduction of tho tides 
of these two places, is that at San Diego the proportion hrtween the two 
chief tides is nearly identical with what the eqmlibrmm-theor) gives, namely, 
about 2*1 to 1, while (as said above) the proportion between them at Fort 
Clinch w about as 0 to 1, or the ratio of the solar tide to the lunar tide is 
only one third of the value which tho cquibbnum ihcorv ussigus to it. 
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A Bcrica of tidc-obscrvationfl extending through five years, com¬ 
mencing 1808, May 1, tuion by the Manora sclf-rogistcnng tide-gauge at 
Kurrachee, *svore also kindly lent by Mr. Parkes for the purpose of reduction. 
The following senes have been analyzed for each year separately, with the 
exception of the solar somidmmal tide-components It and T, for which it is 
necessary to combine the observations extending through two entire years, 
Tbo datum-lino is 2 foot hdow tho datum-hne of the diagram-sheets. 
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M Si>o©d of ft^inldiumal 2 {y — tr) 



1808 -*<t 0 

18(59 70 

1870 71 

1871 72 

1872 78 


o Olg 


0 0510 
329” 18 

0 0712 

0 0565 


271° 6a 


229° 28 

I 3 «° 


* 5859 

2 4974 

24717 

2 4822 

21437+ 


195 ° 7 * 

197° 14 

296° 62 

295° 66 

295° 66 


00439 

0 0382 

0 0492 

00477 

00355 


335 ° >* 

336^ 09 

3 * 5 ° 46 

335° 54 

3 * 9 ° *5 

B, 

0 ol 69 

0 OIS4 

0 OZ42 

0 0294 

0 0191 

*^4 

47 ° °4 

3o%i 

31° 70 

27° 11 

31^° *9 

Kn 

0 0444 

0 0494 

00445 

00445 

00444 

e 

R, 

Z25 91 

215^ 16 

2 * 4 ° 55 

209^^ 56 

0 006 2 
^ 57 ® 37 

219° 89 

0 0058 

* 73 ° 49 


SpmJ of somuhunml (2y) 



18b8 

ia(>9 70 

1870 71 

1871-72 

1872 77 

R, 

1 1669 

*41° 87 

11907 

*44 73 

* 2392 
146® 87 

1 3128 

145° 04 

» 35*3 
» 43 ° 43 

R. 

0 2389 

340° *5 

0 *355 
330° 57 

0 2467 
330° 94 

0 3071 
338° 16 

03339 

336° 57 



0 

Speed (y- 

-2 (t) 



18(58-(i0 

1809 70 

1870 71 

1871 72 

1872 7S 

R, 

•'i 

0 5688 
308° 87 

0 5905 
309° 94 

0 6164 

306'=^ 97 

0 6633 
307° 07 

0 6927 

307°*2 



V 

Speed (y- 

-29) 



^1808 09 

1869 7l> 

1870 71 

1471 72 

1872 7J 

R. 

<■1 

0 3755 
316° 35 

0 3850 
320^^ 27 

0 3746 
3'4° 97 

0 3598 
3«7°9' 

0 3678 

3 >7° 44 



J 

Speed (7+( 

(T — -Bt) 



lHf^8 W 

115G0 70 

1870-71 

1871 72 

1872 7 ? 

B, 

"i 

0 0800 
178^^ 58 

00434 
165° 88 

0 0686 

«4>° 37 

0 1123 
163° 56 

0 1138 
182° 81 



Q 

Speed (y—+ 



^ 808 - 64 ) 

1809-70 

1870-71 

1871-72 

1872 73 

B, 

fi 

0 JIIO 
308° 23 

0 IJOO 

3 »<^° 34 

0 J3S4 
3*3° 05 

01515 
309° 98 

0 141 r 
3 * 3 ® 54 



L 

Speed (iy— 

c — w) 



1808 69 

1809 70 

1870-71 

1871 72 

1872-7r 

B, 

0 0804 
108° 67 

0 0365 
140® 69 

0 0824 
129^ 68 

OOJI9 

184^14 

0 1561 
72^06 



N 

Speed (2y — 

dff+w) 



1868 69 

1869-70 

1870-71 

1871 72 

1872 73 

B, 

'i 

0 6221 
180° 31 


0 5766 
»ii° 35 

0^71 
181° 96 
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X. 

Speed ( 2 y—(r-|-tr 

-2,) 



"lKC 8-«9 

I 8 (J 0-70 

1870 - 71 . 

1871 - 7 J 

1872-73 

K, 

0 0613 

0 0381 

0 0432 

0 0839 

0 6750 


156° 46 

91° 56 

30'=' 71 

29° 40 

194® 00 



V. 1 

!)jK)ed (2y— Off — w 

+2f,) 



1868-60 

18 G 9-70 

1870-71 

1871-72 

1872 73 


0 1955 

0 0831 

0 0814 

0 1415 

0 1881 


» 55°<>3 

224° 40 

345° »o 

285° 98 

302® 03 




S|>cod (2y —‘4ff+ 




"l8C8-bO 

1 SG 9 - 70 . 

1870-71 

1871-72 

1872-73 


0 0703 

00333 

0 0714 

0 0617 

00534 

‘2 

169^ 99 

227^72 

0 

0 

tr 

*S*“ 49 

* 73 ° 84 


MS Speed ( 4 y—‘ 2 ff— 2 i;) 

1868 - 99 . 

1869-70 

1870-71 

1871 72 

0 0173 

0 0236 

00311 

0 0195 

216'' 79 

181^ 30 

326° 55 

0® 05 


R Speed (‘iy —I?) 

. A---^ 


1808-69 and 1860 - 70 , 1870 71 and 187 l- 7 d 




R, 


00353 

0 0272 



*a 


11° 04 

3 * 1 ° *3 





T 

Speed (27—311) 




1868-09 and 1869-70 1870-71 aud 1871-72 



R, 


0 1108 

0 0576 





38° 96 

lOI® 70 





Long-period Tides, 


1668-60 


1869-70 

1870 - 71 . 



n. 


ft 

ft 


R 

« 

0115 
43 ° 90 


o 179 
80° 20 

0 i6a ] 
107° 11 J 

\ Solar annual (eUiptae) Ude Speed (ij). 

R 

0 198 


0059 

0 062 1 

Solur semiannual (doohnationai) tide. 

e 

81° 9 * 


116® 93 

69° 69 j 

Speed (2//7. 

B 

0076 


0043 

0 03* 1 

Lunar monthly (elliptic) tide. 

€ 

* 47 ° 73 


» 75 ® a? 

115° 90 J 

' Speed (ff—‘sr) 

B 

0038 


0 064 

0035 1 

^ Lunar fortnightly (declinationnl) tide. 

e 

335 ° 40 


333 ° 9 » 

183'’ 22 J 

r Speed (zff) 

R 

< 

0 009 
316°'19 


0075 
16° 98 

0058 1 
156° 62/ 

Lumsolar avnodio fortnightly (shallow-' 
tide. Speed 2(0—1/) 


Three years’ tidal observations, taken at h’ort Point (lat. 37 ° 40 ' N., long. 
S') »“ W. of Greenwich), San Francisco Buy, California, were received and 
analyzed, with the following results — 


Year 1808 - 59 . 186 SMI 0 . 1860 - 01 . 

rt ft ft. 

A<,»8 7Ioj 8*651 81608 

1 a> 18° o *6° 9 as" 4 
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8 . Speed of BomidiuroaL 2 (y —f|). M Speed of semidiuTiial 2(7 — 9) 



1858-69 

186 &-tlO 

1800-61 

1858-69 

1859 -flO 

1800 4 J 1 . 

«> 

0 0x46 

very email. 

very am all 

00539 

0 080S 

0 0863 

"l 

2X 1° 96 


... 

46° 30 

1*9° 37 

32^71 

R. 

0 4067 

0 380Z 

0 3S24 

1 6694. 

1 6215 

1 6645 

B, 

334° *4 

335 ° 80 

336° 45 

3300 81 
verj small 

331° 30 
verj' small. 

328<^72 
rery fimall. 

^9 

•i 

Tory Brnall 

vorj Kiiinll 

»crj HuioU 

0 o6j6 
23° 32 

0*071 a 
26^ 73 

0 0698 

II® 15 


MS Speed (4y —2(r —2ij) 

- --A-- .. —^ 

1858-,W ISdO-dl 

o 0Z48 00315 00315 

If, 12^33 11° 25 22^81 


it. 

^1 


p. Speed 2(7 — 29 + 1 ;). 

isriH^v). i8r>t)-no isao-^if 

00257 00311 00251 

^ 54 *^ 34 *4 *© 9 ° 53 

K SjK*ecl of Hemidiurnul (^7) 

1858-50 l85U-4iO IHfjOMU 

I 3370 1 3036 1 2925 

191^17 19 o °88 j 88°55 

0 1759 01716 ® J35* 

3 i6 '>6 s 3 ' 4“53 308® 75 



0 

Speed (7 - 2 < r ) 

P 

Spoeil {7 —2i;> 


'^ 1868-59 

1869-00 IHOOt^oT* 

' 1858 - 69 . 

1859 -(U) 

1860 - 6 r 

Ri 

08917 

3^39 

08511 08784 

0 367a 

0 3659 

0 3869 


6° 15 4® 01 

16® 52 

15® 90 

13° 5» 


L 

Speed (27 — 9—19). 

N 

Spml (27— 39 +»). 



1869-00 IS^iO-Or' 

"l 8 r> 8-69 

1859-60 

isco-or 


0 0591 

00370 00506 

03933 

303*^46 

0 3494 

0 3545 

'i 

101^ 63 

183® 00 170° 16 

303 53 

30a® 51 


R 

Speed (27 — r;) 

T Speetl (27 — 3 ij) 



1858-r)0 and 1859-00 1808-59 and 1859-00 


B. 

0 0076 

164® 00 


0 0142 
» 77 ° 90 


X. speed (27— 9 +ir-- 2 ij) 

V Speed (27—89— 

'Br+29) 

1858-69 

Rj 0 0372 

9, r88® 30 

186a-nO 1860 61 

00175 OOlll 

« 5*°39 * 44 °'* 

18 . 68 - 50 
0*1044 
287^23 

1869 -fiO 

0 03)17 

» 7*°46 

1800 - 61 ? 
00437 
349 ° 59 

J. Speed (7+9— w-). 

Q. Speed (7—39+'w) 

^ 1868-69 

00819 

ai3®98 

1869-80 1860-01 

00376 00565 

208® 29 i83°’40 

^ 1868 - .60 

0 1706 

353° 03 

1850-60 

0 io$6 
33 *° 34 

1860 - 61 ? 

80-93 

Ooiacidenoe of phase of 

8 and M. P and 0. 

0214 of a day 0 441 of a day 

Cmncideuce of 
phase of M and K. 
2*024 days 

__ 

Oppoeitlon of 
phase of L and K. 

0 126 of a day 

After New and A^ill Moon 

\flor Momrp perlgew 
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Kemark an abrupt diminution in the height of mean lerel after the first 
two years, which tho following extract from a letter received from Prof. 
J. E Hilgard fully explains •— 

Tho change in. the moan-level reading at Poit Point is a matter of much 
annoyance to us Tho hdo-gauge was put nji in u small building near the 
“ end of a wharf, and tho tide-stafl' need for compuriBou was close to it. 
Now it was observed after tho observations had continued some iimo that 
the wharf was settling, at least tho part where tho gauge stood Thou 
“ (he gauge was moved to a point a little nearer to the shore believed to be 
firm ; but wo think tho whole whart settled and continued to do so for yours. 
“ niere seems to be a bog-formation underlying tho suifaec deposit at that 
“ place. There ifl probably no way of uscoitaming the amount of settling 
except fiom the observations thomselvos. We are now having fre<iucnt 
‘‘ levellings made, referring tho tide-stuff* to n rockj lodge further inland 


Cat Island, Gulf of Mexico (Lat. 30® 23' N , Long 5^ 50"' W of Greenwich). 

Tho following results represent tho tide-components os far as they have at 
present been evaluated. Datum 10 feet below datum of United-States Coast 
Survey — 




Year 1848 

A„ = 

=48574 ^ 

1 = 18*^ 45. 




S 

M 


L 

N 


Speed 

2 (r->») 

2 (r 


2 (y 




R. 

0 0442 

0 0101 



, 


^1 

04 

95 ° 

11 






0 0677 

01195 


0 01x8 

0 0269 



»3° 80 


75 

221° 40 

33 ° 57 


K 

0 



r 

J 

Q 

Speed 

2 (r) 

(y-iff) 


(r 

-2»;) 

(r+<r— w) iy-iv+v) 

R. 

04627 

0 3855 


C 

» *559 

0 0292 

00733 


0 

0 

*14'’ 19 


130^ 65 

igo*. 

a>S° 3 » 

Ra 

0 0105 





, ,,, 

■ • • 


288 ® 73 






f 

It 18 extremely interesting to find 

that, 

although 

the lunar and 


Bomidiurnal tides are very small in value, the senes of means from which 
they were obtained being exticmoly regular and good, the consequent de¬ 
termination of tho phase of spnng-tides from thoir respective epochs is 
probably correct witlun a few minutes. Tho proportion between tho umpb- 
tudos of tho lunar and solar Bcmidiumal tides is tho nearest approach to 
equality yet obtained, being in the ratio of 11 to 6. The comparatively largo 
value of of Senes S is undoubtedly a genuine tide; but tho sraallness of tho 
corresponding value of Series M must forbid the concluaiou of its being purely 
aatrononucal. It is perhaps produced by temperature or wind, its time of 
maximum being about 40 minutes after noon. There are also indications of 
a similar and large annual tide of U’274 foot amplitude, and maximum about 
Aug 10, which IB also probably meteorological in its ongin. The proportion 
botvvocn tho lunar and solar diurnal (Dechnational) tides (R^ of Series 0 and 
P) wiU be, on the assumption of the variation of of Senes 0 being as the 
square of the sine of the declination, about 4 to 1. 

Tho following are tho values of the long-penod tides:— 
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Solar annual tide (elliptic and moteorologicat) • 

Solar pemiannufll tfdo (declinat nnal and meteorological) 
Xfunar nnonthlj tide (elliptic) • 

1 uuar fortnightlj tide (doclmati innl) 

Luniaolar fortnightly tide (b^ nodic) 


B 

e 

ft 

0 

0 X 74 

144 50 

0 128 

3502 

0 ]o6 

304 17 

0043 

136 69 

0 099 

336 26 


Tho rcsulta of tlirco years tido obH<.rvatioi )8 taken at West Hartlepool 
England (I at 64M1 N I/ing n, 
from 1^68, July 1, to 18(31, July 6 

Year 

TnoUnation of Lunar orb I to Barth »1 j 

equator / 

Mean aea level above datum 1J feet \ . — , r, o 

KaLivt TTinivn IutaI nf <li i trrnniH J ^ ^ 



self rogistenng tide ^ 

18)8 y 

18o9 00 

1800 01 

= 18° 0 

17° I 

25 ° 9 

ft 

ft. 

a 

= 12 1518 

11 9^06 

t X 005 6 



S Sliced 

f Bcii 1 hurnal 

^ - - 

^iy-D 


"18j 8 fO 

18 J 00 

1800 oP 


0 0192 

0 0541 

0 0248 

ei 

131^83 

156^75 

168^83 

B. 

» 7543 

I 7107 

1 7492 

S 

B, 

*1 

140° 50 

138^^ 09 

137^87 

Ri 

00253 

0 0X12 

0 0190 

«* 

Ba 

190® 24 

173^ 7 « 

171 ® 53 


M Speed of B m di iriiai 2 (y —c) 


18''8 ro 

18 f )-(►() 

18(0 01 

0 0376 

vO 

0 

0 

00397 

1°71 

47 ° 57 

46^87 

5 0062 

5 0181 

5 

97 ° 50 

97° >7 

94^^58 

0 0358 

0 0117 

00453 

110° 01 

103*^ 12 

»H° J 5 

0 0746 

0 1006 

0 0958 

100° 63 

113° 91 

102® 64 

-v- 

\o 

0 

0 

0 0716 

0 0704 

47 ° JO 

50® 1 i 

40® oS 


Bi 


K 

^1 


B. 

•i 


9% 


K Speed of flomidiurual (Jy) 

^ - ■_ 

1868 61 ) 1861 M 30 

B o 4498 o 3961 

« 333^63 331 ^^ 54 

Bj 06x18 06x15 

i3>®3® 1x3° xi 


0 

Speed (y- 

- 2 tf) 

T 858 60 

1860-00 

1800-01 " 

05054 

357 ° 96 

0 4829 
1® 36 

04854 
4® 19 

J 

Speed (y-f-' 

[f —w) 

'1858 50 

186 <MW 

1860 - 01 ^ 


0 0x91 

XI® 8i 

0 0291 
183° «5 

L 

Speed (iy— 

c-w) 

"1868 69 

1859-00 

1860-01 " 

0 X040 
* 74 ° 47 

0 1308 
X98® 70 

0 17x1 
a86® 19 


1800-01 
04065 
330^^ 6x 
o 5198 
n6®ox 


P 

Speed (y — 

2,) 

1868-50 

1859-60 

1860-61' 

0 IXII 
141° 4» 

0 ixox 

14*° 44 

0 0946 

f 4 »° t 4 

Q 

Speed (y—dtr+v) 

'l 858 '■9 

18 r 9-00 

1800 - 61 ' 

0 163* 
StS® 54 

0 1630 

307° 45 

0 175 * 
303® 77 

N 

Speed ( 2 y— 3 (r+ir) 
-^--s 


-- 

1868 6© 18 i 9»-«0 186 <M 31 

04195 00480 10x51 

76® 19 70® 10 


X Speed ( 2 y—ff+vr 

-2,) 

V speed ( 2 y— S#— 

•+•29) 

1858-59 

1859-60 

1860-6 k' 

1858-66 

1859-00 

1860 - 01 ' 

OOSJ 4 

0 1068 

0 iijj 

0 IIIO 

05170 

0 )<J, 

316^80 

a6x® 93 

• 93 ® 03 

74 ® 4 * 

ri4® XX 

T «®*7 
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1858-69 
o 0907 
6° 57 


Speod 2(7 — 2 (r+ij). 

-»-^ 

1859 -^ 1860 - 01 . 

00951 00549 

342'^ 40 10°*10 


MS Speod (4y —2ff—2»/) 

1868-69 1860-60 1860-^1 

B4 00454 00388 00447 

121^^48 140^42 1 * 2 ° 73 


2SM Speod {2y 4-2(7-4*;). 

_.A»----- 

1868-60 1869 GO 1860-61 

Tlj 00316 0033a 00087 

315*^68 30^19 227° 66 


B. Speed (2y —»?) 

"1869-OO and 1860 gT? 
00082 

'2 258° 78 


T Speed (2y—.'!»;) 

1869^0 and i860 (U 
o J403 
179° 83 


Speed 


Tjong-^ioriod Tides, 

LV 2 ((r-„). 


ft (t 


1858 - 59 , 


007s 

0 052 


1 ‘ 

23° 53 

190° 34 

1860-60 

rB 

0 135 

0053 


1 * 

*75"'75 

222° 34 

J 860-61 

(K 

0 139 

0073 


1 f 

79^ 19 

158° 62 


Coincidenoe of pliaso of S and M ... 
Oomoidence of phiiwe of P and O .. 
Coincidence of phase of M and N 
Opposition of i>hns*> of L and M. 


fl 

ft 

fl. 

0 131 

0217 

0 004 

70° 88 

257° 63 

0 

0 

0 131 

0 366 

0 138 

57^35 

200° 02 

io5 °*6 s 

0*141 

0213 

0*149 

54 "" 55 

199° 69 

286° 61 


^Krom mean of 3 v ftru ) 
du^s 

“ 5 7762 } -^f*^** Moon 

!.! = o 7677 j 


The results of the three years’ reductions agree, on tho xrholo, well 
togeihor. The following small components, however, arc somew hut discordant, 
VIZ. the elliptic diuriiwl tide J, tho smaller component of tho fveetton somi- 
diurnal tide \, and the lumsolar compound semidiurnal tide 2HM 

Tho good agreement between tho separate determinations of tho moan soa- 
Icvel renders Hartlepool a favourable place for tho purixwes of tngonomotricol 
survey, the annual tide also ]>oing much less in amount than at Jjivcrpool, 
to the moan sea-level of which the present survey of tho United Kingdom is 
referred. 

Tho values of the diumal coniponenta are as largo as those for liivorpool, 
whore tho mean solar and lunar semidiurnal tides uro nearly double tho values 
of those for Hartlepool, and aro tho largest jet evaluated for English ports. 

Tho value of tho smaller elliptic Remidiumal tide (L) agrees very nearly 
with tho oquilibnum-thoory value of the values of this oom^nent for other 
English ports, being considerably in excess of tho theoretically assigned value. 
The larger component (N) agrees exactly with that deduced from theory, 

A remarkable point in the deductions is the smallness of the overtidee of 
the chief semidiurnal tides, and also of the com[)ound lumsolar quarter- 
diomal tide (MS), which have been well marked in the other English ports 
of which the observations have been analyzed. 

There is scarcely suftciont ogreomont between the results deduced from 
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the long-penod tidea to be satiBfaotory although the quantities of some are 
'Withm reasonable limits The values tor ij as usual show an undoubtedly 
genuine annual tide of about throe inohos vnth its maximmu about the ond 
of October or beginning of November which agrees with the time given for 
other English ports Of the other long penod tides the synodic fortnightly 
[ 2 ( 0 - — ij)] gives a fair agreomont between the values deduced from the separate 
jears 


Eesults of Hourly Tide observations taken at Port Leopold, Arctic Archi 
pelago by fcJir James Clark Hose from 184H Nov 1, to 1849, July 31 
(Lat 74° N Long 91° W ) 


I or mol nation of moon s orbit to earth s equator = 18^ 7 



s 

M 

T 

N 

K 

speed 

2fr-9) 

2{y-<r) 

(2y—0—w) 

(2y-3(T-|-w) 

(2y) 


ft 

ft 

ft 

ft 

ft 

B 

0 0308 

0 0441 



0 7907 
309^ 02 

«i 

*6° 55 

169® 19 



B. 

06432 

2 0736 

0 0513 
189*^ 18 

04345 

0 1325 

34^^99 

«3 

28^^ 78 

338° 88 

306° 36 


0 0065 

0 0160 




U 

156“ 84 

0 

0 

0 

0 

P 




Speed 

(y-ar) 

(r 29) 




B 

0 363a 

0 2161 




€ 

69064 

«*7° 55 



Oomoidenoe of phoae of S and M 
Ooinoidenoe of plvase of P and O 
Coincidence of phase of M and N 
Opposition of phase of L and M 


days 

- After New or FUl Moon 

— * 375* j 


Beaolta of Hourly Tide ohservatione taken at Beechey laland Erebus Bay 
Arctic Archipelago by Ciptam Pullen for 110 days commonoing 1868, 
Nov 2 (Lat 74’ 43 N Long 91° 64 W ) 


1 or molmatioii of moon s orbit to earths equator := 28*^ o 


S 

Sp^ed 2(y-„) 

ft 

B, 0686 

33® 7> 
Tsry nmail 


If 

2 (r»<r) 

ft 

I 930 
345 9» 
0022 
26^ 83 


B. 

B, 


0 * 


Speed 


K 

2 (r) 

09030 
329° IS 

o 1944 
46° 6s 


1876 


Coitundenoe of phase of 6 uid BC 
Oomcidanoe of phase of F and O 
Ooinodmoe of phase of M and N 
Opposition of phase of L and K 


L 
ft 

o 0867 
209° 01 


o 

•(r-Ar) 
o 570 
75’»♦ 


N 

(2y-3<r+ir) 

ft 

04149 

313° 51 


(r“ 2 n) 
o 2150 
131 ° 11 


p 


days. 

“ i & } O' ^ “<»" 

- P«Nts*» 


u 



900 


uroitT^1876« 


The tides at Fort Leopold and at Beeohey Islandy at aeen from the above 
analyzed oonatitueuta (due allowance being given to the different valoM for 
1), are almoet identioal m obaractori the agreements of the componenta whmi 
compared being remarkably close. ' 

The diurnal components ore large, and in the years of maximum declination 
of moon nearly sufficient at certain parts of the lunation to reduoe the period 
of the tide to that of one tide only m tho twenty-four hours. 

The narrrownoss of Bohring^s Straits precludes the supposition that tho 
tides in tho Arctic Ocean and among tho channels of the Aixitio Archipelago 
are sensibly influoncod by communication through it with tho Pacific. 

The largeness of the values for the retardation of spring-tides renders it 
probable that for those places tho tidal mfluonce is derived chiefly from the 
Atlantic Ocean, and not by direct action of Sun and Moon on the waters of 
the Arctic Ocean. 

The shortness of the senes of those observations, especially those for 
Beecbey Island, has rendered some departure from tho usual mode of reduction 
desirable The following explanation is therefore necessary :—The observa¬ 
tions were first grouped according to mean solar hours, and the summations 
and means obtained and the means anal^red The values of the mean solar 
amplitudes thus obtained were then usOd for the calculation of tho height of 
the tide at each integral mean solar hour due to these constituents. Tho 
heights were then copied for the previous values grouped according to mean 
solar hours, subtracting from each quantity the effect of the height due to 
the moan surf, comput-^ os above explained. These numbers wore grouped 
according to mean lunar hours, and tho senes of mean values analyzed as 
before. The value of the tide at each mean lunar hour was then computed 
and subtracted from the proyioasly copied senes, and grouped according to 
sidereal hours and tho redaction continued as before ; and so on throughout 
the seven evaluated senes. The values obtained for the smaller components 
found by these means are no doubt trustworthy. 


Notes on JHeductions of the Tidal Observations of Brest and Toulon^ 

By Mr. Roisbts. 

** With the kind assistance of M. Janssen the tracings from the original 
“ registered tidal observations at Toulon for the whole of the year 1868 wore 
obtained from tho Deportment of tho Monne at Paris, and also a copy of 
“ the heights at Brest for the year 1876. These two years’ observations have 
** been treated and reduced in a similar manner to the many years’ tidal obser-* 
** vations fhlly described in the Reports of the Tidal Committee of iha BrltUi 
Association for the years 1868 to 1872. It will therefore be only necessary 
in this place to give a general summary of the results obtained. Tlie ob- 
“ servaiions being given m metres, the results have been sinularlj expressed 
** in decimetres and centimetres, and not in English feot, 

Brest. 

The proportion between tiie solar and lunar semidiurnal tides at Brest is 
^ (allowing for the value of the Moon’s decUnation) about as 1 to and 
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** agrees fairly with the proportion fouod at most British ports The ellipho 
semidianial tides agree within narrow linuta with the values assigned by 
theoryt as also those of the Evection and Vanation semidiurnal The 
“ overtides hero, as at Toulon are small, the mean lunar quarter-diurnal 
“ components amounting to 4 8 centimetres only, the main, lunar semi- 
“ diurnal tide being 1 0887 metre The terdiurnal component is about 
“ of the chief tide, which accords with the proportion found at Bntish ports. 
“ The diurnal components at Brest are very small, and are only about double 
the amounts found for Toulon, although the range of tide is about thirty 
times greater 


' 1 onion 

“ Ihe proportion between the solar and luu'ir seraidiurnul tides at Toulon, 
^ having regard to the fact that the imlinntion of the Moon's maximum 
** orbit to tho earth s equate r tor the >eir reduced was neirly at its greatest, 
agrees very nearly with that assigned it by tho Lquijibnum theory, and 
** was found to bo about as 1 to 2 2 Ihc ovtrtides of tho mam semidiurnal 
“ components wtre found to bo very sm ill, tho largest that of the first over- 
“ tide ot tho lunar stmidiurnal, scarcely txtceding 3 milhmclres Ihe ter- 
diurnal lunar tide amounts to about of tho maia lunar semidiurnal, tho 
“ proportion generally found for this component from many jears reductions 
“ at different ports being about A of the chief component Iho proportion 
** between tho longer clliptio and the lunar semidiurnal is soinowhat larger 
“ than the deduced value according to the equilibrium theory, although that 
“ between tho larger and smaller components agrees almost exactly The 
semidiurnal tides depending on tho lunar perturbations of Eviction and 
“ VaruiUon agree within reasonable limits with the ecjuilibnum theoretiool 
“ proportions Iho evaluated diurnal components are very large, the luni-* 
“ solar excoeding m value the mean solar semidiurnal These large diurnal 
components give to tho Mediterranean tides a totally different character 
•• from those of the North Atlantic, m which the diurnal tides are very small 
“The ooinoidenco of phase ot the main lunar and solar semidiurnal tides 
“ happening some 4 or 6 hoars before the time of New or Full Moon would 
“ point to the conclusion that the tides at Toulon were wholly generated in the 
“ Mediterranean, and Were scarcely if at all influenced by any action of tho 
“ North Atlantic through tho Straits of Gibraltar, tho amount of rotvrdabon 
“ of coincidence of phase for these components amounting on the western coast 
“ af Europe to between 30 and 40 hours The etaluation of the long-penod 
“ Udos places the maximum of the solar annual tide at Deo SO The value 
“ol the lunar declinational fortnightly tide is about li eentimetrea, or 



Bniit(l«t «• aa* 84 K. Long ^ W 33' W ot Gieraiwu*) Tear 1S7S 


392 


MFOlfct^l870i 


tiKs 

•3 “ T 


aoffs 

1111 

aj^Si-5 

•tS'S'S'S 


ili: 


W^O H t^O 
V 0 M * 

OOO 9V O 00 M 

3 


S% 

m " 


; SJgrt SsS <g ^ ^ 

>„ "o "• f*0 TO 

• 2 ?8 0«0g 0- Og* 


« o « > 






UH m N t«. 

IS. 

», (*o 

“ ®» ** J 




■ 5,«?'X'fS" 


- S?R*- I 

H M «Ao« t*s «| 4 




lllr 



TIDAL OBaXaVATlONI. 


OD 



a 


s 

•g 





o 




•S| 

■*a 




3 






c 


^ *- 


208 



'S 


tv I 13 


o .5 



Tb. »».t>. I.. »a. i. ».M.b.t i« »!»»» u» r»a” *ia •« i “ “ »»““ 




294 


187 ® 


To facilitate oompariBons between the vanoua resulta of the harmonic ana¬ 
lysis contained in this and the preceding Reports and to promote a complete 
theoretical appreciation of thorn all the following harmonic analysis of the 
equihbnum tide will be found useful A portion of it that namely, per¬ 
taining to the mean semidiurnal the decimational semidiurnal and the 
elliptic semidiurnal consUtuonta was guen in tl e Report for 1872 (§§48, 
60) For the sake of clearness an investigation of the equilibrium tide, 
consisting chiefly of extracts from Phomson a id Puits biatural Philosophy * 
vol 1 IS premised as the first edition of that work is out of print and the 
second edition can scarcely appear until after the j ubhcation of this Report 
JjCt E denote the earth s mobs M the mass of the moon or sun D the dis 
tanoe botwoon the centres of the two bodies a the earth s radius If we 

neglect tides depending on the fourth and higher powers of ^ (of which only 

one, Laplace s tordiumal lunar tide referred to in § 3 of the Committee a 
Report for 1868 and again in § 5 1872 can probably bo sensiblej the equi 
libnum tido will not be altered bj the following arbitraiy but conveniently 
symmetrical assumption Imagine M to be divided into two 1 alvcs and let 
these be fixed at distances each equal to 1) on opp site sides of the earth in a 
line through its centre Ph n if r 6 1 o polar coordinates of any point referred 
to the earth s centre os origin and the line joining the two disturbing bodies 
as axis the equation of an equipotcntial surface is [Thomson and Tait, 
§§804 811] 

‘ r ^^^V(D‘-> 1 ) 0080 +r") V(J) + ^rDcosO+i^)^" 

T 

and as the first approximation for p is very small, we have 

I “Ll + ip’(3co8*fl-l)]-con8t (12) 


whence finally if rs=a-f w u being infinitely small 

M-i “^{3 008*0-1) 

Thu u a spherical surface harmomo of the second order and 


( 18 ). 


Ma* 

LD* 


u one 


quarter of the ratio that the difforonce between the moon s attraction on tiia 
nearest and furthest parts of the earth bears to terrestrial gravity Hence 
‘ The fluid will be disturbed into a prolate ellipsoidal figure with its 
long axis in the line joining the two disturbing bodies and with elllptici^ 
equal to | of tho ratio which the difference of attractious of one of the di^ 


bears to 
ve sup- 


iwbing bodies on the nearest and furthest points of the fluid surfa 
the surface Value of the attraction of the nucleus If, for instant 
pose the moon to bo divided into two halv^ and these to be fixed on opposite 
sides of the earth at distances each equal to the true moOn's mean ^tenoe, 

g * 

tip elliptioity of the disturbed terrestrial level woqld be ^ ^ ^ ^ ^ 

D ' 606,600 ' difference of levels from highest to lowest would 


be about 1J feet We s^all have much occasion to use this hypothesis in 
toL u in investigating the kmetio theory of the tides 
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** 805. Th* tiMe and fall of water at any point of the earth^a sarfaoe we may 
now imagine to be produced by making these two disturbing bodies (moon and 
anti-moon, as we may call them for brenty) retolve round the earth’s axis 
onoo in the lunar twenty-four hours, with the line joining them always in¬ 
clined to the earth's equator at an angle equal to the moon’s deolination. If 
we assume that at each moment the condition of hydrostatic equilibrium is 
fuldUed, that is, that the free liquid surface is perpendicular to the resultant 
foroe, we have what is called the * equilibrium theory of the tides.' 

** 806. But even on this equihbrium theory, the nse and fall at any place 
would be most falsely estimated if we were to take it, as we behove it is 
generally taken, as the nse and fall of the spheroidal surface that would bound 
the water were there no dry land (uncover^ solid). To illustrate this state¬ 
ment, let us imagine the ocean to consist of two circular lakes A and B, with 
their centres 90° asunder, on the equator, comrauniciiting with one another by 
a narrow channel. In the course of the lunar twelve hours the level of lake A 
would rise and fall, and that of lake li would simultaneously fall and nse to 
maximum deviations from the mean level. If the aroas of the two lakes were 
equal, theu* tides would be equal, and would amount in each to about of 
a foot above and below the mean level, but not so if the areas were unequal. 
Thus, if the diameter of the greater be but a small part of the earth’s qua¬ 
drant, not more, let us say, than 20^, the amounts of the nse and fall in the 
two lakes will be inversely as their areas to a close degree of approximation. 
For instanoe, if the diameter of B be only ^ of tho diameter of A, the rise 
and fall in A will be scarcely sensible, while the level of B will rise and fall 
by about 1 j feet above and below its mean; just as the rise and fall of level 
in the open cistern of an ordinary barometer is but small in comparison with 
fall and rise in the tube. Or, if there be two large lakes, A, A', at opposite 
extremities of an equatorial diameter, two small ones, B, B', at two ends of the 
equatonal diameter perpendicular to that one, and H o small lakes, C, O', at 
two ends of the polar axis, the largest of these being, however, still supposed 
to extend over only a small portion of tho earth’s curvatnre, and all the six 
lakes communioato with one another &oely by canals or underground tunnels:» 
there will be no sensible tides in the lakes A and A'; in B and B' there will 
be high water of 1| feet above mean lovol when tho moon or anti-moon is 
in the zenith, and low water of 1 feet below mean when the moon is rising 
or setting; and at C and 0' there will be tides nsing and falling | of a foot 
above and below the mean, the time of low water being when the moon or 
anti-moon u in tho mondiau of A, and of high water when they are on the 
horizon of A- The simplest way of viewing the case for the extreme oircam- 
atanoes we have now supposed is, first, to consider the spheroidal surfaoe that 
would bound the water at any momont if there ware no dry land, and theii 
ac imagine this whole surface lowered or elevated all round by the amount 
it^^drid to keep the height at Atuid A' inyariablf. Or, if there be a large 
1^ A in any part of the eaitii, oommunioating by canals with small lalM 
over various parts of the surface, having in all but a small area of water iti 
oomparison with that of A, the tides m any of these will be found by drawing 
» spheroidal surface of If feet difference ^tween greatest and least radios, 
and, without disturbing iu centre, adding or subtracting Brom eacfii radius 
aueh a length, the same for all, as shall do away with nse or fall at A. 

*‘807» It 18 , however, only on the extreme supposition we have madOi ff 
eae water area much larger than all the others taken together, but ^t itsalf 
eovumg only a small part of the earth’s ourvature, that the rise and fall can 

doae away with nearly altogether in one place, and doubled in another 
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place Taking the aotnal figure of the earth a eea surface ve muat tubiraot 
a certain poeitive or negative quantity a from the radius of the spheroid that 
troold bound the water were there no land a being detemuned aooo;tiing to 
the moon s position to fulfil the coodition that the volume of the water 
remaiuB unchangod and being the same for all points of the sea at the same 
time Many writers on the tides have overlooked this obvious and essential 
pnnciple indeed we know of only one sentence* hitherto pubbshed in which 
any oonsciousnoBS of it has been indicated 

The quantity a is a spherical harmonic function of the second order of tbo 
moon B declination and hour angle from the mendian of Greenwich of which 
the five constant coefficients depend merely on the configuration of land and 
water and maybe easily estimated approximately by not very laborious qua 
draturOB with data derived from the inspection ot good maps 
808 Let as above 

r=ra(l+u) (14) 

be the spheroidal level that would bound the water were the whole solid 
covered u being given by (13) of § 804 Thus if f/d<r denote surface in 
tegration over the whole surface of the sea 

affuda 

expresses the addition (positive or negative as the case ma} be) to the volume 
required to let tho water stand to this level everywhere To do away 
with this change of volume we must suppose the whole surface lowered 
equally all over by such an amount a (positive or negative) as shall equalue 
Xt Hence if Q be the whole area of sea we have 


affudtr 

il 


And 

IS the corrected 


tan?-— 0 1 -f M — 

equation of the level spheroidal surface of the sea 
hma{u-^^} 

' o ^ 


(16) 

(18) 

Hence 

(17) 


where A denotes the height of the uurfaoe of the sea at any place above the 
level which it would take if the moon weire removed 
To work out (16) put first for brevity 

and (13) becomes 

uwr(co8®d-J) (10) 

Now let I and X be the geographical latitude and west longitude of the place 
to which u corresponds and and i the moon s hour angle from the mon^ 
dian of Greenwich and her declination As 0 is the moon s zenith distanoe 
at the place (corrected for parallax) we havo by sphmioal trigonometry 

cos fi»>cos 1 008 J cos (X—iff)+Bin f sin i, 

wh oh gives 

3c08^d-*l- 

}coi‘?cosVooi2(X - iff) + earn /cos Zsm ? cos aooa(X - iff) + i (3sin*^- 1)(20) 

Rigidity of the Earth ” J17 Phil Tmis 1863 
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Hanoe if we ta)^ 9, C, 9» to*denofce fire integrals depending eolaly 
on the dutribntion of land and water, expreeaed as follows — 


S-—XT 008*2 cos 2Xdtr, 


J3=i;(/-cos>Zrin2Xrfff, 


i^^sin 2 COS 2 COS \da, JB =s i^sin 2 cos 2 BmXdffy 
e'-^l//(3Bmn-i)d<r, 


• ( 21 ). 


where of course <2<r«cos IdldX, 
we have 

a’^Qffudir^ 

^ar {I oob* 5 (flcos2 \//+18 sm2\(/)+0 Bin 0 COS 8 (CcoBi^+©sin 4-}ffi(3 8in*3 -1)} (22), 


This, used with (19) and (20) in (17), gives for the full conclusion of the 
equilibrium theory, 

htm 

iaf(3 Bin* 2 -1 ~ ffi) (3 sin* S-1) 

-f 2af[(Bin2cos2co8X-*C)coai//+(sui2cos2siiiA—S)8in )^]ain8coB8 v 

^ . (2d), 

4“ ^ [(cos* 2 COB 2X—2) cos 2\/;+ (cos* 2 sin 2X - 3B) sin 2)P] cob* 5 
2 


in which the value of r may be taken from (18) for either the moon or the 
sun; and ^ and \f/ denote the dochnation and Greenwich hour-angle of eteo 
body or the other, os the case may bo. In this expression we may of course 
reduce the semidiurnal terms to the form A cob (24^—e), and the diurnal 
terms to A' cos (4^ - e'). Interpreting it we have the following conclusions:— 
“ 809. In the equilibrium theory, the whole deviation of level at any point 
of the sea, due to sun and moon acting jointly, is expressed by the sum of 
six terms, three for each body. 

(1) The lunar or solar eeraidiurnal tide rises and falls n proportion to a 
■imple harmonic function of the hour-angle from the meridian of Greenwich, 
having for period 180® of this angle (or in timo, half the period of revolution 
relatively to the earth), with omphtude varying in simple proportion to the 
square of the oosine of the dochnation of the sun or moon, aa the case may 
be, aiad therefore vaiying but slowly, and through but a small entire range. 

. “ (2) The lunar or solar diurnal tide varies as a simple harmonic function 
cf the hour-angle of period 360®, or twenty-four hours, with an amplitude 
Taryiug always in simple proportion to the sine of twice the declination of the 
disturbing body, and therefore changing from positive maximum to negative, 
and back to positive maximum again, in the tropical* ponod of either body 
in ite orbit. 


' f The troploil period differs from the iidereal period m being reokoued from the ffret 
pCilKb of Aries instead of from a line fixed in spsoe, the difference for the rase of the son 
only one in 2B,000 veart, end for the ense of tlie moon one in 13 x 18*0 
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” (3) Inn&t fortnightly or solar semianiiuil tide Is a Tariatlon on the 
average height of water fbr the twentj-fonr lonar or the twenty-fouf sdiar 
hours, acooMing to which there is on the whole higher water all i^ound the 
equator and lower water at the polosi when the decbuation of the disturbing 
b^y IB zero, than when it has any other value, whether north or south , and 
maximum height of water at the poles and lowest at the equator, when the 
dedmation has a maximum, whether north or south Gauss’s way of stating 
the oircumstances on which ‘secular’ variations in the elements of the solar 
system depend is convonicnt for explaining this component of the tides Let 
the two parallel circles of the north and south declination of the moon and 
anti-moon at an} time be drawn on a geocentno sphcnoal surlaoe of radios 
equal to the moou a distance and lot the moon’s mass be divided into two 
h^ves and distributed over them As these circles of matter gradually vary 
each fortnight from the e(]uator to maximum declination and back, the tide 
produced will be solely and exactly the ‘ fortnightly tide ’ 

‘810 In the equilibrium theory as ordinalily stated, there is at any place 
high water of the semidiurnal tide prtcj$ely whon the disturbiug b^y, or 
Its opposite, crosses the meridian of the xdace and its amount is the same 
for all places in the same latitude, being as the square of the cosine of tho 
latitude, and therefore, for instance, zero at each pole In the oorreoted 
equilibrium theory, high water of the semidiurnal tides may be either before 
or after the disturbing body crosses the meridian, and its amount u very 
different at dliferent places in the same latitude, and is certainly not zero at 
the poles In the ordinarily stated equilibrium theory, thoie is, j>reciae?y at 
the time of transit, high water or low water of diurnal tides in Ihe uortbem 
hemisphere according as tho declination of the body is north or south, 
and the amount of the nse and fall is in simple proportion to the mnd of 
twice the latitude, and theretoro vamshes both at the equator and at the 
poles In the corrected equilibrium theory, the time of high water may be 
considerably cither before or after the time of transit and its amount is very 
different fbr different places m tho same latitude, and certainly not sero at 
either equator or poles In the ordinary statement there is no lunar fort¬ 


nightly or semiannual tide in the latitude 35® 10 (being sin-*-—), and its 

y 3 

amount in other latitudes is in proportion to the deviations of the squares of their 
Sines fVom the value j In the corrected equilibrium theory each of these tides 
IS still the same in the same latitude, and vanishes in a certain latitude, and in 
any other latitudes IS in simple proportion to the deviation of the squares of their 
smes from the square of the siue of that latitude But the latitude where 

there is no tide of this class is not sin“^ i but sln-^f where is 

v3 3 ^ 


the mean value of 3 sin’l* I for the whole covered portion of ^e eartb^s 
SQT&oe, a quantity easily estimated by a not very laborious quadrature, fW>m 
snfflcieiitly complete goog^phioal data of the coast lines for the whole eekh. 

“ As the fortnightly and semiannual tides most probably follow m realitj 
verv nearly tho equilibrium law, it becomes a matter of great importanoe to 
ers Wte this quantity, but we regret that hitherto we have not been able to 
undertake the work Conversely, it is possible that oarefhl determination of 
the fortnightly tides at vanous places, by proper reduotion of tidal obaenra* 
tions, may oontnbute to geognmhioal knowledge as to the amount of wmtt^ 
surface in the hitherto unexxJored distnots of the aretio and autai^ 
regions 
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811 ThA Auperpotition of the solar semidiarnal on the lunar setodsuraal 
t&de has bee^ iQvesti>rated above (§ 60) as an example of the composition of 
flunple barmomo motions and tbe well known phenomena of the spring 
tidM and neap tides and of the pruning and lagging have been 
etplained We haie now only to add that observation proves for almost all 
places whether oceanic islands or other open coast stations or in deep bays 
estuaries or tidal rivers the proportionate difference between the heights of 
spring tides and neap tides and the amount of the pnming and lagging to be 
much less than est matod in § 60 on the equihbnum hypothesis and to be 
very different in d fferent places as wo shall see m vol ii is to be expected 
from the k net o theory * 

The four lunar and solar dinmal and semidiurnal tides spoken of in 
§ 809 of the preced ng extract are in the harmonic analysis of this Com 
mitteo resohed into harmonic constituents with constant amphtudes and 
epochs instead of the vary ng amphtndos a d epochs which that statement 
implies in virtue of the vary ng distances of tho sun and moon from the 
earth and of the d fforences of their nght oscens ons from those of ideal 
bodies moving uniformly in the plane of tho earth a equator with constant 
angular velo t es e |ual to the mean angular volocit es of the buq and moon 
round the earth 

To investigate for either moon or sun alone the equilibn im values of 
those simple harmonic constituents and to exhibit the simple harmonic ex 
pression for the long period dcclinahonal tide represented by the first line of 
(238) § 80 call L the value of this line J) the val le of the second bne (or 
the whole complex d urnal equihbnum tide) and 8 the value of the third 
hue (or semidiurnal equihbnum tide) 

Put 


Ssm*!—1—ffi«K 

Bin 1 008 f oott \ — C»*Poob/ smZcosZwnX — flwPwn/ 
cos*Z COB 2\ — 3 =• 0 cos 2 ^ oo8*J sin 2\ — S mkQ sin 2 ff 

Then 

L-=JorK(3sm»2-l) (I) 

Sin ^ COS 3 Poos(»/r —f) (II) 

Bte Y 008*3 G cos 2(v^^ -p) (III ) 

where F / G p are constants for each place having different values for 
different places Let ^ be the angle between the body s radius vector and 
the ascending node of its orb^t relatively to the earth s equator (which for 
the case of tho sun will be hia longitude) let v be tbe nght ascension of 
n^e (which for the cose of the sun is of Course zero) let a denote the 
n^t asoenmon of the body reckoned from this node (which for the sun will 
be his nght ascension measured from the first point of Anes) let 1 denote 
the inclination of the body s orbit to tho plane of tl e earth s equator (wh^bh 
ior tbe case of the sun is nearly enough constant for our pu^x^ and equal 
to 23P 27 19 ) lastly let x denote tbe sidereal time reduced to an^e, 
is to eay^ the Greenwich hour angle of the first point of Anes M e hare 
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Hence by (I.) and (II), 

Dw2arF'{cos(x—/)coa a+ain (x —ajsin 3co8^, . . (IV) 

S■=^G{coa2(x—i/)co8 2a-|-sin2(x —I'—^)flui2a}cosV. . . . (V.) 

Now 2 and a arc the two legs of a right-angled triangle of which ^ is the 
hypotenuse and I the angle opposite to Houce^by sphencaltngonoraetry, 

sin ^=8in Isin 0, 

cos a cof^^=coa 

Bin a cos ^ssbin tj> cos I. 

Hence sm'^^ = j 8inH( 1 — cos 2^)^ 

and 80 L=|</rK(—^+sinH-—sin^I cos 2^).(VI ) 

Next for the diurnal tide 

sm 3 cos ^ 008 a=sin I sm ^ cos sin I sin 2^, 

and Bin h cos S sin a=sin 18in*<^ coa 1=^ sin 1(1—cos 2^) cos I, 
and using these in (IV ) wo find (VII ), page 301. 

Similarly, towards reducing for the semidiurnal, 

cos 2a co6^c=( 2 coB^a— 1) 008^5 = 2 c 08 ^^—(1 — sin^’18in®<^) 

c= cos 2^( i — ^ sinH) -f i Bin^'I « cob 2 < p { J j cos*I) -h i sin*!, 
and sm 2a co8*^=2 sin a cos 5 cos a cos 5 s=c08 I sin 2y>. 

Using these in (V ) we find (VlII ), page 301, 

The sum of these three expressions (VI ), (VII ), and (Vlll.), 

A-=L-|-D + H,.(IX.) 

would he the ro<iuired complete simple harmonic expansion, if r were constant, 
and if <l> increased simply m proportion to the time 

To complete the process we must, by aid of physical astronomy, express r 
and <ji m terms of x* 

For the case of the sun, the only deviation from uniform circular motion 
which produces sensible inlluence on the tides is the elliptic inequality, for 
the case of the moon we must take into account also the perturbations called 
evection and variation. 

For the case of the sun we have 

.(X.) 

if E denote the earth’s mass, S the sun’s masa, p his parallax at any tune, 
and w the obliquity of the ecliptic. Let P denote the mean parallax, v the 
longitude of the ponhehon, and e the eccentricity of the orbit. As if now 
denotes the sun’s longitude, we have by the polar equation of the ellipse with 
one focus as polo, 

j3=:P{l-hCC08 —®)}; 

and by Kepler’s first constant. 
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Hence if ij denote the mean angular velocity of the sun’s radius vector, y 
the angular velocity of the earth’s rotation, and © tho mean sun’s right 
ascensioa (or, which is the same, the sun’s “ mean longitude ”) at the instant 
of the first transit of Y after the vernal equinox of the year, wo have 

=a^|l -f 2 e:co 8 ( 9 —approximately 

=5 114- cos -h 0 ~ I approximaU'ly. 

Ilonocforward ^ must denote tho whole angle turned through by tho earth 
from the instant of tho first transit of Y across the inendiau of Greenwich 
after n time when the sun’s longiludo was zero, 

Hence, integrating, 

^'=O + yX+2«Hn(”i:+0-«)- 

Now, if A denote any angle, 
ein (-2^+A) = 

ein(-20-^X+^)-‘*« COS 2© — + O - approximately 

and therefore as 

+ cos ^3)^-approximately. . . . (XL) 
wo have (XII) (see page 301). 

Going back now to (YI), (YIL), and (VIII.), and attending to (X.), upo 
(XI.) in the first term of (VI) and the last term, of (VII.), neglect the 

variation of parallax and put Q m tho small terms of (VI.), (VII.), 

Bnd(VIlI.), use (XU.) m the first terms of (VII ) and (VIII.), giving to A the 

respective values x**/ and ; and collect as in (IX.). we find 

(XIIL), (page 301). 

To obtain tho corresponding expression for the moon’s equilibrium tide, 
substitute in tho preceding, N for A, M for S, P' tor P, I for w, s' for s, a for 
ij, J “ I' for 0, m for or, /-f ► for /, and (or g: M denoting tlie 
moon's mass, y the right aseonsion of the ascending node of the moon’s orbit 
on the earth’s equator, J the mean moon’s right ascension at the tunc of that 
transit ot y across the mendian of Greenwich from which ^ (as stated above) 

18 reckoned, w' the longithdb of tho moon'a pongee, a the mean angular 
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velocity of tho moon’s radius vector, and d tho eccentricity of hor orbit. With 
these explanations, it is better not to wnto out the formula, but rather to 
refer to (XIII). But to comploto tho harmonic expression of the lunar 
cquihbnura tide, so far as practically useful, wo must include terms rosulting 
from evoction and variation, Mr lloborts having, in working out tho haimonic 
analysis of the Tiverpool tides for tho Committc‘o, discovered very sensible 
effects of these perturbations of the moon’s motion, and having thenceforward 
analyzed for them reguLirly in every case in which tho data were sufficiently 
complete. Tho only term of (VI ), (VI f ), or (VI11 ) having evectional and 
variational constituents which can bo sennildo in North-Atlantic porta is tho 
chief aoranliiirnnl tide represented by tho first term of (VIII ). For other seas 
than tho North Atlantic, tlie cvcctional and vanational constdnenU of tho 
two chief lunar diarnal tides repioscntcd by the first and la‘Ht terms of (VII ) 
ma}'’ bo quite sensible, but it is not worth while at present to work out the 
eqmlibnum-values of these constituents , it is enough to give tho ociuilibnum- 
values ot tho cvcctional and vanational perturbations of the chief semidiurnul 
tide, as it IS only for these effects of cvcction and vanation that the reductions 
hitherto performed give the data for comparison with observation 

The theoretical expressions for tho effects of cvcction and vanation on tho 
moon’s coordinates are — 


Eioction Vans t ion 

On longitude . sin[2{^' 4 -v—^)—(i^'+ 1 '—ein2(^'-f-v —^). 

On parallax . coft[2(^'-hF—0)—(^'4-v —w)J, cos 2 ( 9 '+ 


In those expressions substitute for + v and ^ their approximate values, 

y y 

use the results in tho first term of (VIII) modified to suit the moon; and 
work out according to (XI) and (XII.). Thus we find, for the cvoctional 
and vanational semidiurnal tides, the equation (XIV.), page 301. 


In I. and II. of tho following Tables, the coefficient (R), speed (n), and 
epoch (f) of each of the simple harmonic terms of (XIII.) aro given eepnratoly 
for convonienco of reference. Table I. contains tho values of these quantities 
for the COSO of tho sun’s equilibrium tide, Table II those for the moon’s 
eqiulibnum tide, with the addition of the cvcctional and vanational coiisti- 
tuents of tho semidiurnal tides. 
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Taulk I 


1 = ^ P^a5=:21 0746 (I boing taken lu oontimetres) 
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Table II 

T=*^P*a=63 6045 
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In tho following Tables (I^) and (IF) the nnmencol values of E, so far as 
they can be calculated, and of n are given. Table (!') corresponds to Table 
(J.), (II^) to (III.) In Table (IF) two values of E bracketed together are 
given for each term—ono for the mean maximum value of I, and the other 
for the mean minimum value of I. These values of I are taken as 28^ 36' 7" 
and 18° 18' 31 ' respectively. ' 


Tabtk (F) 

Te.|^,F«=24 6740, 

^ bj 


Diitin- 

guuhing 

Lotters 

No 

of 

term 

R-T. 

n 

8 p«od in degrees 
per mean solar hour 


1 


0 


2 

0396 K 

0 


3. 

•008385 K 

0410080 


4. 

•0306 K 

•0821372 

p. 

6. 

•3816 F 

14-0689314 


G. 

•0224 F 

14 9178628 


7. 

•0032 F 

16 


8. 

•01644 F 

16-1232068 

K. 

9. 

•3661 F 

16-0410686 


10. 

1 

•000185 F 

16 0821372 


11. 

•000186 F 

15 

S. 

12. 

•4696 0 

30 

T. 

13. 

•02097 a 

1 

29 9589314 

R. 

14. 

•003863 a 

30 0410080 


15. 

•0008634 0 

30 1042744 

K. 

16. 

•0396 G 

300821372 
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Txblb (II'). 
T'-j“F*a= 63-6046. 


Bwtm- 

guithmg 

Xielterfl 

No of 
term 

R-T'. 

n 

Speed m degrvee 
per mean »olar hour 


1. 

-4K 

1 0 
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r 05729K 
[ *02407 K 

1 

0 


13. 


f 02745K 
[ 02745K 

0 6490105 


4. 


} *05729 K 
[ *02407 K 

1 0980330 

0. 

5. 


I -4496 F 
, 3062F 

13-94:30350 

Q. 

6. 

. 

r *08037 F 

05883 F 

13 3940191 


/. 

1 

•01234 F 
. -008406 F 

14-4920621 


8. 


•02021 F 
•007961 F 

16-130i016 

K. 

9. 

1 

•4203 F 
, -2982 F 

15 0410680 

J. 

10. 

1 

•03461 F 

02466F 

16-6900851 


11. 

1 

•03401 F 
•02460 F 

14-4020521 

U. 

12. 

1 

•4760 G 
•4408 0 

28-9841042 

N. 

13. 

f-091270 
1-084710 

28-4360877 

L. 

14. 

1 

'•013040 
•01210 0 

20-5331207 


16. 

{ 

■•0018020 
0003203 G 

31-1801702 

K. 

10. 

f 067200 
t 024070 

30 0821372 


17. 

f-0009144 0 
\-00084880 

20-4609836 

y. 

18. 

(•0064000 
\ -0069420 

28 5172249 

S. 

19. 

f -0003824 0 
\-0008084 0 

30-0000000 

/*• 

20. 

(•0076470 
\ 007094 0 

27-9682084 


^ «> 
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Third Repmt of the Committee, consuting of Dr Bhunton, F.R.S, 
and Dr. Pye-Smitii, appointed to irweitigate the Conditions of 

Intestinal Secretion and Movement. 

i 

The first part of iho ta^k of your Committoo reapeciod the comparative effect 
on intestinal Becrotion oi vurioua suits locally apphod, and the action of 
other dnif^a, either niinglod with these or injected into the blood, in modify¬ 
ing their nction* This 'was (ompleted m our fii*st lleport, in which wc ga\o 
an account of our experiments on the local action of purgative salts, and 
stated that atropia hus not tho same nihibitory effect on intestinal secretion 
■which it has on lb at of tho siibmaxiUary gland. 

Secondly, 'wc ascertained last year that the same “ paralj tiesecretion whitli 
Moreau observed in dogs and rabbits occurs under similar conditions in cats , 
and, further, that this effect is not produced by division of tho pneumoga&tiic 
nerves and cervical sympathetic coid, nor by section of the aplauchmcvs and 
spinal cord, and that all thcBc sources of nervous supply may bo cut off, and 
both semilunar ganglia extirpated, without paralytic Bcorctioii following. 
We \outnrod to untieipato that tho inhibitory ocntie sought would be found 
in the smaller ganglia of the solar plexus Wo had also noticed that hy pera3niia 
or hicmorrhago of the mtestinul mucous membrane does not follow^ either ujion 
division of the splanchujcs or upon ovtirpation ot the lumbar portion of tho 
spinal cord, but frequently occurs when both these opeiutions Lave been 
performed togtdhcr 

This year 50111 Coiumittco have bucccodcd in proving positively that tho 
conclusion they had reafh(‘d by the method of cmIumou js correct, namely, 
that the paralytic sccielion of Moioau may ho produced by extirpation of the 
smaller ganglia of Llio solar plexus, including those w huh arc found m the 
flupouor meson tone plexus 

Wc have also ascertained that removal of these ganglia is raicly followed 
by hyponenua or lurmorrhagc of the intestinal mucous membrane. 

Thiidly, turning to tlio last section of o\u investigation, the movements of 
tho intestine, we have obtained fairly conclusive evidenro that its peristaltic 
movement (in tlio cat) is unaffected by irritation of the distal end of tho 
divided splanthmca, but is called forth by btimillation of their proximal part. 

I'lic conclusions, then, to which your CoramiUco have been led may bo 
thus summed up .— 

1 Application of various poda and potash salts to tho intestinal mucous 
membrane produces a more or lebs profuse secretion, that caused by sulphate 
of* magnesia, acetate of potash, sulphate of soda, and tartrate of potash ahd 
soda being most abundant, 

2 . The presence (in the mtcstiuo or lu the blood) of atropia, morphia, 
chloral, &c docs not prevent the above action of sulphate of magnesia, 

3. The secretory nerves of tho intestines have tho small gongha of the 
solar and superior meson tone plexuses fox their centres, henoo sooretion is 
unaffected by section of the splancbmcs, tho vagi, or the dorso-lumbar part 
of tho cord. 

4 . Destruction of tho lumbar part of the cord, after extirpation of the solar 
I plexus, produces hemorrhage or hypcrcemia of tho intestlual mucous mem- 
* brane, which is absent aft<)r division of tho splaachnios, destruction of the 
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Romilunar ganglia and solar plexns, or division of fho mcHcntenc nerves 
themselves. 

6 . The Bplanthinc ner\cs aro, ns usually admitted, tho vasomotor nerves of 
the intestines, but have no centrifugal hbres to their muscular coats, and 
can only indiicct)} uffott them by dinunishing then 8uj>i)ly ot blood 

(h Tho splancliniOH aro tho affeicntnones ^^hlell rcgulato peiistalsis of the 
intostino, the dfcreiit stimulus ]»r<d)ably reiiclnng its intiapaiiotal ganghu 
tlirough the lumbar cord and abdominal s\mjiathotic. 

I'he following aio the details of tho c\])C!imeiits made ibis jear With 
Ihoso described m our two preceding K(‘poits, the) make up a total of inoro 
tliau a liiindic'd, as tlio basis ot the abo\o coiielusions 

In tho lirwl scjnes ^^e (ontiimed and completed the e\peumonts in our last 
llopoid, undcitaken to asoeilain tho mnous ccutie, scparntion fiom whitli 
produces the “ paraljtic ” w*cictien of iroremi Starting fiom tho negative 
results with ^^hlth wo coneludi d oiii research last jenr, it \\ill be seen that, 
of the thiitccn cases iii ^vlnch we removed tho bidar or tho supciioi mesenteric 
plexus, paralytic M'crotion resulted abundantly in Xos 1,1?, J, and 13, whero 
both were removed The same effect was piodiiced in Nos 7, 3, and 10, 
where the splanchmes and semilunar ganglia vncic left intact, and only tho 
smaller (infcriui) ganglia of tho solar plexus, \utli tho snpeiior incsciitenc 
offset from it, wore exused In No 5, and also in No. 14, the painl 3 tic 
secretion likewiso presont, though less abundant In four cases 

(Nos. 4, 0, 0, and Jl) theio was httio oi none, but m thieo ot these 
cases tlio dissection, by which wm vcnliid in caih case tlie coniplotencss of 
tho Icwon pioduced, sliovied that the plexus Imd only been toin away from 
tho artciy without comjdc te excismn of its ganglia , and in No 11 the superior 
moaontciic plexus was simply cut aciosa, so as to separate it liom tho semi¬ 
lunar ganglia and splanchnits, with the siijanioi pai t ot tho solar plexus Thus 
tho negative lesulis heic, like those ot List ycai s cxijenments, confirm 
our present conclusions In No. 12 there was enough fluid found to 
till tho loop moderately, but tho rest of the intestine was cmptN dis¬ 
section did not show^ any delect m iho previous opeiation, nor had there 
been hmmorrhugo, diarrha'a, or sickness It will, bov^over, be noted that in 
this experiment kss time had elapsed than in any of the others (2 instead of 
3^, 4, 6 , or (i hours), and this tact, lakcm with the ohacrvation of the most 
abundant secretion having follovunl tho longest period between the excision 
of tho plexus and the animal being killed (8<*e No, 7), may perlmps explain 
the scanty Rccrelion in tins instance 

The concluding senes exponnunts are on a difllcult Hubjeof, wliuli has 
already engaged the attention of Ivudwig and his pupils, of Jastei, J'flugoi, 
Wundt, Von koseb, and other distinguished physiologists AVhether we are 
justified in tho conclusions which v\e have drawn wo must wait for time to 
determine, and will only add that wo aro w’dl aw aro of tho many possible 
fallacies which attend tho inquiry, as well na of tho conflicting results of 
previous investigators. 


P,8.—8mco this Koport w'os presented (Glasgow, 1876), ono of us, who was 
fortunate in Hocunng tho rwjuisito Cortificato from tho Homo Office, lias 
obtained fresh results oonflmiing those o! tho second senes of these oxpori- 
mente.—July 1877. 
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SUMMARY OF EXPERIMEirTB *. 


FrasT Semes. 


No 


Ijeflion 




Exctsion of both semilunar gan¬ 
glia and of tlie suponor meaen- 
loric plexus Two 4-moh loops 
ligatured at begum mg of je¬ 
junum and at end of ileum 


Saiiio as 1 Superior mesenteric 
ariopy accidentally wounded 
and ligatured Diarrhoea before 
end of operation. Loops empty 
before ligature 


Hours. 


4* 


Same as 1 


MeHontono plexus alone exeued 


Same as 4 Three 4'iiwh loops 
111 jejunum , middle and lower 
ileum tied 


4 . 


3-4 


BeiuU. 


Upper hwp empty , mucous mem¬ 
brane dry Between the loo^js 
20 0 0 of mucus ond serum 
witliout bile or blood, mucous 
membrane moist. Lower loop 
contAined a little of the some 
Serous coat congested 
Oat vomited shortly before it was 
killed Peritoneal congestion of 
intestines Duodenum, mucous 
membrane oongeeted, hnnior- 
rbsge into the gut Upper 
loop, 5 0 c. of pale opalescent 
fluidt. Between the loops 40 0 0 
of similar but rather thicker 
fluid, with a few streaks of blood 
wbit^ was oocidentally mixed 
with it Lower loop, 8 o o of 
thin glairy fluid Mucous mem¬ 
brane congested throughout 
Upper lo^, 8 0 0 of bile-itained 
fluid Between loops, 46 0.0 of 
turbid fluid. lajwer loop, 6 o a 
of clear glairy fluid, Mucous 
membrane normal. 

AU the loops empty, except a tape¬ 
worm in the ileuin. Mueous 
membnme pale [On diiaection, 
it was found that the operation 
had been very imperfectly per¬ 
formed, BO that the greater part 
of the plexus was intact] 
Duodenum partly contract^ with 
some fluid contents. Upper loop, 
7 0 0 of fluid. MidiUi^ 6 c, o. 
with small tapeworm. Lower, 
4 c Q (darker) and a tapeworm 
Intestine injected outride 
throughout, mucous rnembim 
in upper loop iijeoted, m the 
others normal. 


* The anunals used throu^ut were cate, and the anesthetic employed was eblorofotm^ 
t Thi laboratory assistant, who had been a soldier in India, remarked that this fluid 
was j^ like the rioe-woter stools he bad seen in cholera epidemics. 

} This oat WM white, with grey eyes, and was deaf. 
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Tajli (eotttinMd). 


No. 

liocion 

Hour* 

Result 


3ame m 4 

».• . 

Upper loop, tapeworm and 
round worms Middle empty 
Lower, tapeworms Mucous 

membrane pale and bile~Htained 
[The superior moHentenc plexus 
was found to have been only de¬ 
tached without exeision ] 

7 

Same m 4 

s 

Upt>er loop, a little clear fluid 
Between lOops, 52 o o of yel¬ 
lowish, rather turbid and tena¬ 
cious fluid Lower empty Mu- 
eous membrane pale No worms 
Serous coat injected 

8 

Same 4 Two loops tied , otw 
m upper jejunum 8 m, the 
other in lower Ileum C> in 

5 

Uppei loop, 2l c c of turbid and 
bloiid-stfunod fluid, tniicworm 
and round worms Between 
loops, 28 c 0 of similar fluid, 
no worms Lower loop, 22 c o 
of serous fluid , no worms Mu¬ 
cous membrane pale throughout, 
and viscera aniriino 

9 

Same as 4 

4 .. . 

Tile whole intestine empty Mu¬ 
cous membrane dr^ ()ne small 
tapeworm Clot in jientoneum 
from oozmg of a small vessel 
[Home of the plexus was found 
only separofetl from the artery, 
but not destroyed 1 

10. 

Sflme ai 4 One loop hed m lower 
ileiun 18 in. Lacteal full 

4 .♦««. 

Jejunum und ujppor ileum (25 in ), 

^ c c yellow turbid fluid 
Loop 46 e e same fluid Mu¬ 
cous menibrano rather pale 

No worms Oongesled exter 

nally, and serous effusion in 
peritoneum 

n 

Superior moaentorio divided 
from the eolar plexus, but no 
ganglia removed 

^. 

, Negative result. 

12. 

Superior meHcnfcenc plexus di¬ 
vided, and both eemilunur 
ganglia excised 

2 

Only a few c o of glairy fluid 
m tho loop ^ 

13 . 

Solar plexua excieed Superior 
mesenteno artery isolat^ by 
excision of lU plexus Three 
loops as in No 6. 

12 

. The eat was sict duimg the night, 
and passed mucous stools Alter 
it was killed next morning there 
was no peritonitis found, tmt ef¬ 
fusion of chyle from puncture of 
a lacteal during the operation. 
Upper loop flUed with dark brown 
fluid Middle the same, but not 
BO abundant Lower, as upper. 
Muoous inetnbraDa pale, oeikma- 
toui, and covered with thin te¬ 
nacious muouB Two round 
worms and a tapeworm. 
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Second S>’bie«, 

14.—Oat under chloroform. Abdomen opened, and intestines exposed for 
5 or 6 minutes to the air. No mo\emcnt. The interrupted current from 
DuBois Kc} mond’a induction-coil Mas used in this and tlio succoodiqg ox- 
penmtiitH Idt t iiodcs jdaced unde i If ft njthi)nhm( Secondary coil at 25, 
no effect, at 15, doubt hi I, at 10, lupid unic mia of .stonruJi and small intes- 
tiuea and of* a lait^c mc*icateri(‘ f^land No moxemeiit Coil at 7. con¬ 
tinued antcmui, a\ hn h now extend* d to the kidnc} s , no movement, after 
removal of the irritauon, the annemia continued and e\en ineroased for a 
short time in the intostinca, the kidneys icco\cring thou normal vascularity 
more quickl}. 

After the intestines had re^i^nined their normal vascularity, the coil was put 
nt 5, and the It^ft ^i)lftiic1inic again irritated for r> minutes The ctfoct was 
the same, but much les^ decided th in before After the current was stojiped, 
the intestines became lapidly hypenemic I’lio iintntioii once more applied, 
Mitb the coil at 0, anaomia onl} onsurd after 30 seconds Xo movement 
of the intestines. Ton minutes later tlie cm lent was applied to the 
^ }(fht ^jilanchnto vf\t\v the R(‘Cond iiy coil at 25 no effect (Val moved to 
15 . amemia of stomath und intestines , slight movement, vv Inch had begun 
before the first irnlulion, now ceased Curient stopped noininl vasculnuty 
recovered, ])cnslalsia began again, and beeumo rather uttiv’e, ccch^inosis 
apparent under the tuiiio of tlie iiglit kidnev 

Intestine.s at re=it vascularity normal. Jiujld splanclniu initated with coil 
at lU. after two minutes, amemia of stom.ieli and Home coils of intestiiio 
Moved to 5, the largo aiterios became evidently smaller, though the vascularity 
of the viscoru was still only partially affected. After two nunutcH more no 
movement 

The -lob/r including the somiluiiar ganglia, was now ea’Ois*?//, and 

the supd lOi 'imsenterw at ienf ibolated The mtest ines w^ro somewhat hj jxsr- 
ccmic, the kidneys normal, jieriHtalsis latber active An upper and lower 
loop of 8 in each ligatuiod us before Coil at 15 electrodes apphed to both 
splanchnics so as to irritate them at the same time no amemia, movement 
slightly increased, ('oil at 10 no anajmia, movement considerably lucreasod 
Coil at 5 . active penslolsis of stomach and intestines, doubtful doorcase of 
vascularity 

The Uft splanchmc was next divided, and the doctrodes apphed to its 
p^'oarrmal end, wuth the coil at 25. The movomouts which wore going on 
before continued active, while the coil was moved to 15, 10, and 5. (Slight 
anflemia appeared w'ltii the coil at 15, und did not increase. After the 
current was stopped, Iho intestines continued then movements, and quickly 
recovered a normal or perhaps slightly excessive vasouLinty. Fresh irrita¬ 
tion a few minutes later (of the proximal end of the lelt splanchnic) produced 
no change in vascularity or in movomont of the intestine. 

The cat died several hours later without having voimtod. The greater 
part of the small intestine contained only a moderate quantity of fluid, but 
the lower loop was filled wuth serum and thick white mucus. No worms. 
On dissection the right semdunar ganglion and solar plexus adjacent were 
found to bo iraporfoctly removed otherwise the operation had succeeded. 

15 ^-Cat under chloroform. Abdomen opened and electrodes put on the 
left nplancliuic^ with coil at 26; no peristalsis, modcnito injection. Current 
on. at first apparent slight increase of vosciilanty, but when the coil was 
moved to 15, pallor, with contraction of the branches of the superior meson- 
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torie artery, became marked. No movement of stomacJi or intestines took 
place. 

10 ,—Cat chloroformed and put into a bath of ’To per cent, s.alt solution at 
)0® to 100° F., with the tnichca opened so as to allow of complete immer- 
non*. After electrodes had been put on both sj^latichnics, mth the lutestines 
at rest and moderately injected, the current was put on with a commutator, 
so oa to pass throujfh both nerves at once ivith the coil at 25, shifted after 
two minutea to 15, and then to 5 and to 0, but without visible effect. 

17.—Cat chlorotonncd and abdomen opened. Intestines pale. Pregnant 
iitcrua peustalsis. Both splatuhmcs divifhd Froviniftl end of nght 

irritated, ivitli the coil <it 25 After two raimitos the uterus began moving • 
on breaking the CLrcuit this ceased gradually. The same occurred on appljung 
the electrodes in the same way to the left splanchnic, the intestines still re¬ 
maining motionless and Iheir injection not varying The narcosis was kept 
only moderately deep, the tail constanlly moving At every third or fourth 
expiration there was a strong contraction of the abdominal walls with relaxed 
diaphragm (effort at vomiting). 

Eloctiodea ivoro then a2>plicd to (the proximal end of) hath sphiiuhnics, 
ind the current passed through both at once. Coil at 25 . no change * intes¬ 
tines drawn out from abdomen so as to bring the grcatoi part into view ; they 
wore motionless and moderately vascular. Coil at J5, current on* active 
pciistalsis began, and soon spiead to all the small intestines , the uterus also 
moved as before; vascul.iuty of the Mbccia not altered After three minutes 
the current was Htoj>i>e(l, and the movements quickly ceased Jlcpeated with 
the coil at 5 and at 10 no ((Tcct ivas pioduced, but general movements of the 
Voluntary muscles ensued from escape of the current 

Tho nmmal was then placed m a bath of 75 jicr cent of salt solution nt 
about 00° F , arranged so us to cover the alKloracn 1mt allow of resiuration, 
and both sjylaiuhnus w^ere nutated with the coil at 1(> no effect. 

llemoved fiom l>ath no movement Left splamhmc (proximal end as 
before) irritated with coil at 15. After 30 seconds active peristalsis began 
in tho colon, tho uterus, and some folds of the small intestine Moved to 10, 
peristalsis apiieared in licsh folds, which ceased on stopping the current. 

Electrodes on ? njht splmxchmc * coil nt 15 . no movement Current on 
after a few seconds active peristalsis began in the stomach, spread to tho 
intestines, and by tho end of tho first minute all fho small intt^hnos were m 
movement, as well os tho uterus, tho colon not participating. Moved up to 
10 , increased activity of motion, tho colon continuing quiet, and tho vascu¬ 
larity of tho nscera not affected, except ns tho tight contraction of the gut 
produced transient pallor. On stopinng the current, pcnstalsis ccobcd withm 
two minutes 

The electrodes w'cro then apidied to tho superior mesmtertc ph.i us, which 
was isolated for the puqiose (^oil at 15, current on slight movement 
occurred, but not constantly, tho v asculanly of tho small intestine was 
distinctly, though only moderately diminished. Apphed to the renal plexus 
no change was visible, but aftef removal tho kidney increased in voscuianty. 
Applied lastly to the nerves going to tho spleen, that viscus shrunk from 5^ to 
5 inches in length. 

18—Cat under chloroform. Both nptanchucs divided, and distal end of 
left placed on electrodes, tho intcstmcs being anniraic and at rest. Coil at 
26, current on; after 00 seconds there was very slight and limited pori- 

* This precaution (m which wo followed Sanderi* Em and Houclgecst) we found to 
he wdesp for Uio ol^oot In view, and do not recommend it to fat are ime^tigatora. 
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stalsifli but no other change. With the coil at 15 there iras no morement, 
but the lutostines were more vascular than before, which may, however, hare 
been due to sponging with warm water to remove some blood. 

Experiment repeated with tho animal in the bath. There was then no 
change m vascularity, and no movement, except very slight ponstalsia in a 
single coil, (This cat had suffered from hsemorrhage, owing to the hver being 
bruised in restonng it by artificial respiration. The fact was disoovered after 
the animal was killed, and explained its feeble state during the experimenU.) 

19,—Cat chloroformed. Both ttplanckmcs divided. Electrodes placed on 
proximal end of lefty and the onim^ immersed lu the bath at 100^ F, There 
was at first active ponstalsia, and after this had oeasod, stimulation, with the 
coil at 25, produced no effect on tho vasculanty or raovomonfc of the intes¬ 
tines llopoatod out of the water there was still no movement, but the in- 
tostmoB became less vascular while tho current passed, and then somewhat 
hy])onemic 

Btimulatnm of tho proximal end of tho right ^planthnic out of the bath 
produced active ponstalsia The vasculanty vaned irregularly, and probably 
independently, with moderate injection afto the current was stopped. 

On the left eplanchmc being again irntated after an interval (with the coU 
still at 25), ponstalflis, which had become very languid, was distinctly in¬ 
creased. The intestines became pole dunng the strong contraction of each 
coil, but otherwise their vasculanty was unaffected. 

Stimulation of the ipUnto pUvus reduced tho length of tho spleen from 3i 
to 3^ inches. 


Report of the Committee^ coimutii^ of A. Vernov Harcourt, Professor 
Gladstone, and Dr. Atkinson, appointed for the purpose of collect^ 
ing and mggeshng subjects for Chmical Research, 

Ebpork entering upon the task of forming a list of subjects, the members 
of tho Committee took opportunities of discussing the question privately 
with other chemists, and found in many cases considerable doubts as to the 
advisability of such a proceeding Instead, therefore, of at once inviting 
suggestions for research, tho Committee considered it desirable to asoerUin 
tho opinion of English chemists generally as to the feasibility of the proposed 
scheme. The following Circular was accordingly sent to about fifty ohemisfci, 
who were either those of the highest official standing, or who were known 
to bo engaged in research;— 

BwTisn AssoaATioN for thb Advakcemert op SoraircE. 

April H 1876. 

“ Dear Sib,—A t the last 
appointed, coDsisting of Mr. 
with power to add to their 
re6*«rch. 

^/Whon the matter was discussed by the Committee of the Chemical Sectioti, 
at whose instance the above-named Committee was ^pointed, it wm thought that 
a step might be taken towards the orgamiation of cnemioal inquiry by the finr* 


Meeting of the British Association a Committee 
/“emon llarcourt, Dr Gladstone, and Dr E. Atkinson, 
number, to collect and siunrest subjects for chomioal 
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mation and publication of a liat of Bubjecta to be suggested by the leading choousts 
of our own country, and, if possible, of other countries also, from whicn younger 
chemists wishing to undertato a research might select a subject with the assurance 
that it was considered new and important 

“ It was thought also that such a list, however meagre and inadequate it might 
be at the outset, would tend to increase as soon ns the plan became more widely 
^own, and might ultimately, if chemists of other couuliics u ere willing to take 
part, become on important loature in a general organization of chemical reiMiaTcU 

‘‘ A chenust undertaking the mvostigation of any one of the suggested subjects 
would send word to the editors of the list, and might be plscoil in communw 
cation with the chemist by whom the subject was suggested Each issue of the 
list, which might bo republished at freqiient intervms m some of the chemical 
journals, would stah' which subjects had wen already undertaken and by whom, 
and thus the waste of labour which sometimes occurs through simultaneous work 
on the same sub)*‘ct would be prevented, 

“ It has, however, boon obj(‘Cted that chemists are not likely to be so prodigal of 
their ideas as such a scheme supposes, and may prefer keeping the subjects of 
research which have suggested themselves to their minds for their own or their 
pupils’ investigation The answer to this would seem to depend upon the answer 
to the general question, whether the supply of ideas or suggestions for research 
existing in the muids of the leading chemists at the present day dties or does not 
largely exceed the number of skilled hands at their disposal 

Before, therefore, proceeding to imile you and others to suggest subjects to 
be placed upon the proposed list, the Committee are desirous of looming whether 
in your judgment the scheme is likely to succeed, and whether, if the attempt to 
form such a list is made, you would bo wilhng to contribute to it, they would also 
be glad of any opinions in reference to tjie matter with which j ou may favour 
them 

"^0 are, deal* Sir, 

Yours faithfully, 

G Vkhnon llAacounT, 

“ J, IL GlAT>8T0NK, 

E. Atkinson 

“P S. Please address your answer, Dr. Atkinson, York Town, Surrey.” 

To this Circular only eight written replica wore received, of which four may 
be olaaaed as favourable, namely, those from Mr. Abel, President of the 
Chemical Society, Prof, MiUb, Mr. Bolas, and Mr. R. Warington; three 
os adrerte to the scheme, viz. from Dr. Joule, Mr. Hartley, and Mr. Groves, 
the latter embodying the views of Dr. Stenhouse; and one as doubtful from 
Mr. Buckton. 

Among the objections raised to the proposed scheme perhaps the following 
have been the most general:— 

That suggestions for subjects of research would only be needed by, or be 
useful to, students and beginners, and that such men would gone rally be under 
the guidance of Professors, who w^ould provide them with subjects; that the 
suggestion of a subject is generally its least part, that what students really want 
is guidance and instruction in the art of investigation, that any one who had 
onginahty and power to make a satisfactory research would also bo able to 
find subjects for himself, that facilities and rnatcnol appliances for research, 
together with the means of hnng for those thus engaged, were more pressing 
wants; that any one contributing suggestions for research would reserve for 
his own use the best of them, that is to say, those most likely to give im¬ 
portant and satisfactory results. 

Of the letters received, the Committee may perhaps give the following &om 
l£r. Buckton and from Dr, Joule — 
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*‘Wyoombo, Ha«lemeM 

I believe that the result of chemical mquirj^ would be locator and more 
important m nature it tlie eup^j^ostions made b> jour Coramittoo could be 
oflSoiently earned out I musi confess, however, that my fears shape them¬ 
selves very much after the fiiHluon expressed by paragrajih 5 of youi Circular. 

“Original workers, I believe, always aro under tho hope that eventually 
time and opportunity will present tliemsclres, so that they will allow them 
personally to work out their brightest and most promising ideas. If this bo 
80, but few of sulIi will find a place in tho con tom plated list. Again, hesita¬ 
tion might bo fi'lt amongst some lest tho most promising subjects should 
be negatived by the results of an inexpononccHl hand. 

“ Tho number of skilled hands in our laboratories is certainly larger than 
formerly, yet probably in this countrj’ latterly the harvest of original work 
has not been m duo proportion to this number 

“ If 80 , tho steps pto]ios(‘d towards tho organuation of chemical inquiry by 
Way of a list will, I think, be beneficial. 

“ fjl, B. Bucki'ON.” 

“ Manclio«tiT, May 4,1876. 

“ We know that tln^ scicntilic faculty is of slow growth m tho case of any 
individual stmlont He becomcb interested in a paihcular lino of inquiry, 
and m punning it l)eL<iinos fuithei intcM'sted bj the acquisition of new facts 
The onginal inquirj will naturally ramitj, and there will bo a completeness 
about his woik and also an lucuracj winch could not be expected from that 
done as it iveic to order 1 think, too, that tho mere suggestions of a research 
may tend to make it unpalatable to manj nnnds AVe know^ that mere Bug- 
gestions ha\(' in some instances been claimed as discoveries On thia account 
many would feel some deheaej in even suggesting an inquiry, nocosaanly 
accompanied by the suggestion of tlio expected result, simply bccauBO it looks 
like a forestalling to some extent of tho ment of tlie actual labourer. 

“Then, in ordci tu be m a position to suggest, a scientific man must have 
montall) wniked out the methods and anticipated tho lesults of tho proposed 
train of luvostigalion, and would doubtless prolor to work it out himself, or, 
at anj rate, to have the woik done by his pupils under his immediate super¬ 
intendence—first, because ho naturally wishes that full justice should be done 
to tho subject from Ins own point of \iew, and second, bicause ho conBidora 
himself to a ceitam extent m the light of a proprietor. 

“I do not think it desirable to use any extra stimulus to induce students 
to work. If their own tastes and abilities and information do not lead them 
to find a vein of knowledge and work it, tho application of such etunulus 
would probably result in tho accumulation of moomplcte and erroneous results 
to the hindrance of real sciontifie adianccnumt 

“ James P. Jouj-E.’^ 

In order that the proposed Bchomo should bo snecosBful it ought to meet 
with very goncrul support. This has been far from being the caho, and there¬ 
fore the Committee have not thought U adiisablo to proceed further in the 
matter. 
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\iics VM) rinsRs 

A<( /as*, / f/ Tiofcs'^or Sir \S ili fvm i noMs )N, LL />, 1/ J 7 S , 7** (su/aW 

t^ ^/u S ill n 

A roN\TBS \ riDN iiit Ii 1 liHRMtfiPui ‘'s i Ni>Nr>ml) iDt i\ ninfj: lust lime, la 
Tidi Hs s (Imwin^ j (ju in th SmitlisMimii Tiisliluti n V\ nsluD^rtini Iiaa 

jonal mo to ^i\t nil nn lliuiviitsi wi sime to llojil mh h picMt m ol Pieci 

Moii and Nutiiti ii nssmi tin »uilli a n|.id H])hnx>ulai sliiil tilUdwilli lic^uid 
Six \M ( ks n^< , xvLi 11 1 laiid^ I m J n^lnml atD i a most int( ix slin^^ tup to Aim iicu 
Hinl biu k and iMtuim ptuitiiHvL nst k us tluit I imatliui tin li<uu ur t > iiddit ss 
xou lim k fiiu, f NM^iit i I ^ \n Vtlduss^i wliitli acitmi in Viuliic a should 

h tin sultjict i (uim luim imluil, \i\i (1> iniprtv^id wilii luiicli tliat I had 
fr( ( u b Ih 111 th( On at J sliibitu ii of ITiil uh Inbia and < iit oi it, sli umhj? the truest 
bcniitfu 8piiit and d( X c ti ii (li < ii^nii ilitN, tin niv» )iti\ tm ss, tlio patient pcr^tx l- 
iin^^ tin niufjrhiuss 1 xxoik, tin ippuualnimss, and tin mioua opcn-niiiidtdnosa 
ami sjuipithy, lum \NhnIi tin at thui^^s i f sduict conn 

0(X u X(y(ij Arptt^as 
OtXtj <4 Km fiOi 

I xvj&h I could 8pi ak to toil of the uttiaii Iltiuv, f,nm_ioiia uval ot ranida> m 
elf ctioiua^in tiL dis(o\eJ\ oi ]hni«, tin Joiiudt r ui hi^h matin main s m VmtruH, 
ot Ihuhi, and oi tin spUndid hcnta^n In lias leit 1o Vuu rua ami to the xvfjrld m 
the ITjitid Slates ( oist Sm\<v of tin. at m( hool of astunu m Js^\l^n]l iollox^ed 
- Oould, wton, A( \%l mb, \\ h1s< n, ^ ouu^, Vl\mi ( Iniln , Hut In rlord, l)ia|>tr 
(fatliei and sou) ot ( mmaiuh r lielkuap and Ins at exploration oi tin Ihuihr 
depths by pianuioiti-wno with iiupfriest appiuatus suppluei tmni (.ilnw^anv, out of 
uhieh he liKid a suec* ss lu his own wa\ ti ( ajiUiin Sip;slHt who lolkiwed 
With likf hrioiu find lesolulion, and made Imtlui lmplo^ eiin ids m the appaiatua 
b> which 1)0 liHs d uif mnuflsoi easy qunk imd huh diepsia souiielm^' lu hia 
little wuivi >in|:'-ship'‘ Jilnkt ’ and oi tbe adimiabln i Ihv lal spiut xvhicli makes sm b 
null aud smh doings p issibli u tin I nded States Aaxal Ser\ut I x\ould like to 
tell >ou, too, oi uiN ua « us lor »onhdt utl) < ..pectin^'- that Aun rn an Indrography 
will soon supply tlu data fioin tiehil ibsoxatioiw 1 mg-ago usjad (d our (Toxtiii- 
incnt m \ tin b^ a (. omunUet of lln Ihitish Assodalnm, by whnli thi amount of 
till eai-ih s ilaslu jielding to tlu distoitmg intluencf of sun nml uorn will be 
iiKiuiuied and oi my sti m/ bo^e that tlu CoinptiHs J)(]>aitimut ut tin Ximiuan 
>,avy will lopay the d*bt to liome, 1 iiplamb and (leunaii}, so appreilatively 
ackiiowUdgcd in then u print oi tht works oi Toissoik \uv, Vielubald Smith. 

187(1. 1 
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I %ans, and tlie Liverpool CompasA Oonimittee, bv ^vuig in return a fi^Bb manne 
bun By of teiTcatr al uiagnetiam, to bupply the naMgator with data for correcting 
Lis LompuHs with >ut sif^hts of sun or sUis 

Oau 1 g) ou to l*rccttwiou ant Nutation without a word of what I saw in the 
Gr at 1 Oiibiti )ii ol PLilad Ipbia f In the TJ S Oovommunt part of it, Ihofessor 
lliWard nhowi d nu tlu inoaHuung rods of the U S Coast Suney, with their heau- 
titul luochanicol tipphaiiLLH tor cud luensuiemcnt, bv which the three great base- 
hues of Maiiu T 01 pT Idtind and Gcor^^ia wtie measured with about th* same 
Hccurai V as the most accuiale w u utihc iiKaaur«r^, whether ol LuroiH, oi Aruenco, 
have alt Hint d in t nnpaiiug two mttri or >ard measures 

In the Lulled States tougiaphu depoitnieni 1 saw and luard Lhsha Grav s 
splendidly worked »ut J leelue iilephone nctualh stunding loiu moHsoges simul- 
tauLOUsly ( a the Moise codt, an I chorlv capable ol d'uiig ytt four times as many 
with vtn modeiato iinpmvi ments if detail, and J saw IjdiAon s \ntonialic ielt- 
graph delivering 1015 woids in 57 wcouds this done bv the long neglected 
ehetrcM lumical method of Bun long ago C(.ndcmntd lu Lu^land to the helot 
work ul 1 coidiiip Irom a relav and tneii turned adult as noedlcesly doheato fn 
that In tilt ( uimdiaii Lh jniitmeut I heard ‘ Jo be oi not to b< theros tbe 

rub thr )Ugh au eltitiu tt U graph wirt but, r( orniug monoAvlUiblcR, tin electric 
uiticulatu n rost to higher flights, and gave me paasagts taken at random from tho 
New-^ oiK u< wspf p< rs — SS ‘(''ox hasainvcd* (1 failed to make out the S S 
‘ C>ox ) ‘ the ( It} of Nlw \ork btenaloi Morton , Jhe henatehas resolved to 
punt a thousand extra eopus,' * Ih© Aiuuicnns in I ondou have roBoUed to 
cthbrati the coming louith of Jul) All this my own lars heard, spoken to me 
vvith unniislukable distinctness hv the thin (ircuhr disk armature of yust such 
another little oloctioniagnel as this which 1 hold in my hand The woids were 
tihouUd with ft clear and loud xou© by m) coUtngne judge, Professor \\ atson, at 
the far end of the telegraph-wne, holding his mouth close to a stretched membrane, 
such as vou aeo before }ou here, cairymg a little piece ol soft iron, which was thus 
made to porfurm in the utighbourhuod ol an elect)omagnet m ciicuit with the hue 
motions proportiontil to the sononhe motions of the air Ihia, the greatest by fax 
of all the maivelb of the electric teb graph, is due to a \oung country luaa of our own, 
Mr Graham Bell, of J dinhurgh mid Montieal and Boston, now becoming a 
natuialized citizen of the Imtcd States AMio can but admire the hardihood of 
invintion which devised such vtry slight means to nalue the matbematicBl con¬ 
ception that, if electucity is to couvtv nil tho delicacioa of quality which di- 
stiuguinh aiticuinte speech, iho strength ol its current must vary continuously and 
as ueaily as mav be in simple propoitioii to the vilocity of a pniticle of air engaged 
in constituting the sound r* 

Ihe Patent Museum of aahinglon (on institution of which the nation is justly 
proud) and the bomfictnt working of tbt LniUd Slates patent lawa deserve notice 
in the Section of the British Association concerned with branches of science to 
which nine tenllis of all the useful paUuU of the woild owe their fonndationa 
1 was much atiuck with the prevalenc© of patented inventions in the Lxhibition 
It seemed to me that every good thing deseiving a jatcut was petsuted I asked 
one invtutor of a verv good inveution, Why don t you patent it m Fngland^ 
lie answered, “Ihe conditions in Lnglaudare too onerous ’ We certainly are for 
behind Amenca s wisdom in this respect If 1 urope does not amend its patent 
laws (England in the op^siie diiection to that pioposed in tbe Bills before the 
last two BtsAions of ParJinuunt) America will spoothly become the nmrsery of 
useful inventions for the world 

I should tell you also of ‘‘OldPiobs’ weather-wannngs, which cost the nation 
250,000 dollars a yeor money well siient say the westein farmers, and not they 
ulone, in this the whole people of tho United States ore agreed , and though Dezuo- 
ciats or Kopublicans playing the “ economical ticket ” may for half a session i(top 
the appropriations for even the United-States Coast Survey, no one would for a 
moment tnink of proposing to storv o “ Old Proh, ” and now that 80 per cent of his 
probabili(iee have proved true, and General Mrers has for a month uock ceased io 
ly'd his doily iorecasts “ probabilities ” and has begun to coll them indications, what 
wm the western farnien coll him this time next year? 
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And the Uulted-Statea Naval Observatory, full of the very highest science, under 
the command of Admiral Davis! If, to get on to Precession and Nutation, I had 
resolved to omit telling you that I had there, in an instrument for measuring pho¬ 
tographs of tho Transit of Venus shown me by Professor Harkness (a young Srots- 
man attracted into tho Uuitod-Htatce Naval Service), seen, for the Hrst lime iij an 
astronomical observatory, a geometrical slide, the verdict on tho disaster on board 
the ' Thunderer,' published while I am writing this address, forbids me to keep any 
such resolution, and compels me to j ut the question—Is there m the Hntish Navy, 
or in a British steamer, or in a Bnlish land-boiler another safety-\alvo so con¬ 
structed that by ouy possibility, at any temperature or under any stress, it can jam f 
and to say that if tuero is, it must be iiistanlly corrected or removed 

T ought to speak to you, too, of the already venerable Harvard University, tho 
Cambridge of America, and of the Technological 10 *^ 111(110 of Boston, created by 
Wilbam Rogers, brother of my late colleague in this University (tBiisgow), Henry 
Rogers, and of the Johns Hopkins tlnnersity of Baltimore, winch with its youthful 
vigour has tom Hylvestnr from us, has utilized the gemuH and working-power of 
Roland for ex^nmental research, and throe days aftor my ani\al m Amenta sont 
for the young Porter Poinier to make him a Fellow , but lie \vaa on his deathbed, 
in New York, “ begging )»js physieians to keop him alive just t^> iimsli his lx>ok, 
and then he would be willing "to go’' Of his book, ‘'Pht rmodMiamics,’wo may 
Lope to see at least a pait, for much of tho manuscript and good and able 
friends to wilt it are leit, but the appointment to a Fv llow^hip m the Johns 
flopkins University came a day loo late to gratify Iiis noble ambition 

lint the stiiuulufl of intercourse with American scumtitie men lett no place in 
my mmd for framing or attempting to frame a report on \ meric an science Dis¬ 
turbed by Newcomb’s suspicions of the oirth’s irregularities m u Dnie-ki^epor, I 
could think of nothing but procession and nutation, and tides and monsoons, and 
settlements of the equatorial regions, and meltings of the p<ilar ice Week alter 
week passed before I could put down two words which 1 could road to you hero 
today j and so I have nothing to offer you for my Address but 


JUvUw cf EmdentB rerfarding the Phynica} Coryhiion ofihi Ernth • itn internal 
Tempendvre, the Fluuhty or i:iohdity of mfenor k^iibutaric^, the 
Miyidity^ Efastictty^ Ploeftcify, of its External Fajure , and (he Per^ 
manence or Variability of its Period and A vis of Potation, 

The evidence of a high internal temperature is too well known to need any quo¬ 
tation of particulars at present. Suitico it to say that below the uppennost ten 
metres stratum of rock or soil sensibly alfcrted by diurnal and anniml viiriatums of 
temperature there is generally found a gradual increase i)f temperaluro downwards, 
approximating roughly m ondmory localities to an averu^ rate of U ('Jeutigrada 
per thirty metres of descent, but much greater in tho neighbourhood of active vol¬ 
canoes and certain o»her special localities, of comparatively small area, wiiere hot 
sprmgs and perhaps also sulphqrous vapours prove an intimate relationship to vol¬ 
canic quality It is worthy of remark in pOHsing that, so far we know at present, 
there are no localities of exceptionally miedl rate of augmentation of underground 
temperature, and none where temperature diminishes at any time through any con¬ 
siderable depth doisTiwards below the stratum sensibly intiuenced by summer beat 
and winter cold. Any considerable area of the earth of, say, not loss than a kilo¬ 
metre in any horizontal diameter, which for several thousand > ears hod been covered 
by enow or ice, and from which th^ ice had melted away and left an average surface 
temperature oi 13® Gent., would, during 900 years, show a decreasing temperature 
for some depth down from tho surface; and 3000 years after the clearing away i>f 
the ice would still show residual eifbet of the ancient cold, in a half rate of auff- ' 
mentation of temperature downwards in the upper strata, gradually increasing to 
the whole normal rate, whitU would be sensibly reached at a depth of COO metres. 

By a simple effort of geological caleulua it has been eslimated that P per 30 
metres gives 1000® per 30,000 moires, and 3333® per 100 kilometres. This aihh- 
metical result is irrefragable 5 but what of the physical conclusion drawn from it 
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with marvellous frequency and pertinacity, that at depths of from 30 to 100 kilo¬ 
metres the temperatures are so nijrh as to melt all substances composing; the earth’s 
upper crust P It has been remarked* uidf*ed* that if observation snowed any dimi¬ 
nution or augmentation of the rate of increase of underground tempeiature in jj;reRt 
depths, it would not be right to reckon on the uniform rate of 1° per 30 metres or 
thereabouts down to W or (K) or 100 kilometresu But observation has sliown 
nothing of the kind , and therefore surely it is most consonant with indhctive philo¬ 
sophy to admit no great deviation m any part of tlie earth’s solid crust from the 
rate of increase proved b> observation as far as the greatest doplhs to which wo 
have reached I ” Now I hav e to remark upon tins argument that the greatest depth 
to which we have n'sehed in observations of underground lenipemture is scarcely 
one kilomi'trn, and that if a 10-per-cent diminution of the rate of HUgnumtation of 
underground tenija^ratiire dowmwnrds were found at a doplli of ono kilometre, this 
would denumstiate* that within the last 100,000 years the upper siirfiico of the 
earth must have been at a higher temperature than (hat now found at the deptJi 
of ono kilometre Such a result is no doubt to be found by observation lu places 
which have been overflown by lava in the memory of man or a few thousand 
years further back, but if, without going deeper than a kilometre, a J0-per-cent 
diminution of the rate of increase of temperatur«‘ downuards were fmml for th« 
whole earth, it would limit the whole of geological history to within 100,000 
years, or, at all events, would interpose an absolute bnmer against the continuous 
descent of life on the earth from earlier periods than 101),(X)0 jcais ago There¬ 
fore, although search in particular localities for a diminution of the rato of aug¬ 
mentation of underground temperature m depth«» of less than a kilometre may be 
of intense interest, as helping us to fix the dates of extim t volcanic actions which 
have taken place within 1(X),000years or so, we know enough fi'om thoroughly sure 
geological evidence not to expect to find it, except in particular localities, and to 
reel quite sure that w'e shall not find it under any considerable portion of the earth's 
surface If we admit as possible any such discontinuity within 000,000 years, we 
might be prepared to hnd a sensible dimmutiou of the rate at three kilometres 
depth, but not at any thing less than 30 kilometres if geologists validly claim as 
much as 90,000,000 of years for the length of the time with which their science is 
concerned Now this implies a temperature of 1000° Cent at the depth of .30 kilo¬ 
metres, allows something less than 2000° for the temperature at 00 kilometres, and 
does not rtviuire much more than 4000° Cent at any depth however great, but does 
require at the great depths a temperature of, at all events, not loss than about 4000° 
Cent, It would not take much ** hurrying up ^ of the actions with which they are 
concerned to satisfy geologists w'lth the more moderate estimate of 60,000,000 of 
years. This would imply at least about 3000° Cent for the limiting temperature 
at great de^iths If the actual substance of the earth, whatever it may be, rocky 
or metallic, at deptlis of from 00 to 100 kilometres, under the pressure actually there 
experienced by it, can be solid at temperatures of from 3000° to 4000°, then we 
may bold the former estimate (90,000,000) to be as probable as the latter 
(60,000,000), flo far as c\ndonce from undcigroimd temperature can guide ue. If 
4000° would melt the earth’s substance at a depth of 100 kilometres, we must reject 
the former estimate though we might still admit the latter; if 3000° would melt 
the substance at a depth of 00 kilometres, we should be compelled to conclude that 
60,000,000 of years is an over-estiniate* Wlmtever may Tbe its age, we mav be 
quite sure the earth is solid in its interior; not, I admit, throughout its wfcole 
volume, for there certainIv are spaces in volcanic remons occupied by liquid lava; 
but whatever portion of the whole mass is liquid, wnether the waters of the ocean 
or melted matter in tbe interior, these portions are small in'comparison with the 
whole, and we must utterly reject any geological hypothesis which, whether for 
explaining underfund heat or ancient upheavals and subsidences of the solid 
crust, or earthquakes, or existing volcanoes, assumes the solid earth to be a shell 
of 30, or 100, or 600, or 1000 kilometree thickness, resting on on interior liquid 
mass 

*|For proof of this and following statements regarding underground heat, I refer to 

'' Imlor Cooling of the Earth/’ Transactions of tbe Koyal Society of Edinburgh, ; 
«nd Thomson and Tait’s ' Natural Philofophy/ Appendix D. 
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This conrliision waft first wmvod at by ITopkins, who may therefore properly be 
called the discoverer of tlie earth’s solidity ITo was led to it by e oousraoration 
of the phenomena of proccsoion and nutation, and ^ave it as shown to be highly 
probable, if not absidulely dcmon^tratcil, by his confessedly imperfcc t and tentative 
investigation Hut a ngorons application of the perfect bydrodynamicil equations 
loads still more decidedly to tlie same comdusion 

I am able to say this to you now in consequnnce of the conversation with Pro¬ 
fessor Newcomb, to which I have already alluded Admitting fully m^ evidence 
for the rigidity of the earth Irom the tide^, he doubted the argument fiom preces¬ 
sion and nutation Trying to recollect what T had written on it fourteen vears 
ago in a paper on the lligidity td the Kirth,” published in the Transju Lions of the 
Koyal Society, niv conscience Hmote me, and I could only stammer out that I had 
convinced nnselt that so-and-so and so-and-so, at winch I hod anued b} a nmi- 
mathematical short cut, were true IIo Innti'd that viscositv might suffice to render 
precession and nutation the same ns if the earth were ngid, und so vitmto the 
argument for rigidity Tins T could not for a moment atlmit, any more than when 
it was first put forward by Ilolaunav ilul doubt ent* red mv mind regarding the 
so-and-so and so-and-so , and I had not oomph'ted the niglit joumey to Phila¬ 
delphia which burned me away from our uutiniHhod discussion hefoie I had con¬ 
vinced myself that they were grie\ously wrong 8o now I must lequest as a hivuur 
that each one of you op going homo will instantly turn up his or her copie® ot the 
* Transactions of the Royal Society ’ for and of Tliomsou and Tait s ‘ Natural 
Philosophy,’ vol i, and draw the p<m through of mv paper on the 

“Rigidity of the Earth ” in the former, and through everything in §§ 848, 849 

of the latter which refers to the effect on procession and nutation of an elastic 
yielding of the earth’s surface 

When those passages were wi itten I know little or nothing of vortex motion , and 
until mj attention was recalled to them by Piofes^or Newcomb I had iie\er once 
tbougrht of this subject in the light thrown upon it by the theory of the qunai- 
ngidity induced in a liquid by vortex motion, which lias of late occupied me so 
much With this fresh light a little ronsideration suilicnl to show mo that 
(although tho old obvious conclusion is of course true, that, if the inner boundary 
of the imagined rigid shell of the earth were rigoroush spherical, the interior liquid 
could experience no precesmonal or nutational influence from tlie pressure on ita 
bounding surface, and therefore if honiogoneous could have no prero«sion or nuta¬ 
tion at ml, or if heterogeneous only as much precession and nutation as would be 
produced by attraction from without in virtue of non-sphericity of its surfaces of 
equal density, and therefore tho shell would ha\e enfinaoualy moie rapid precession 
and nutation than it actually has—forty times as much, for instance, it the thiclvuess 
of the shell is flO kilometres) a ver> slight deviation of the inner surface of the shell 
from perfect sphericity would suifice, m virtue of the quasi ngidity due to v ork*Jc 
motion, to hold bmk the shell friun taking e^msibly more proco'wiou than it \\ould 
mve to tho liquid, and to CRiisothc liqiud (Iiomogcneons oi heterogeneous) and the 
3iell to have sensibly tho wime preceesional motion os if the whole constituted one 
rigid hod^ But it is onlv because of Iho very long period (2(>,000 year^) of pre¬ 
cession, in comparison with tho period of rotation (one day), that a very slight 
deviation from spbencitv would suffice to cause the whole to move ns if it wore a 
rigid body. A little further consideration allowed me — 

(1) That on elbpticity of inner surface equal to would be too small, 

but that an elbpticity of one or two hundred times ttis amount wtiuld not be too 
small to compel approximate equality of precession throughout liquid and shell 

(2) That with an elbpticity of interior surface equal to ~, if the precessional 
motion were 20,000 times as great as it is, the motiou of the liquid would bo very 
different from that of a ngid mass rigidly connected with the shell 

(3) That with the actual forces and tho supposed intenor ellipticity of the 
lunar nineteeu-yeorly nutation might be affected to about hvo per cent of iU 
amount by interior liqiudity, 
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(4) Lastly, that the lunar semiannual nutation must be and lunar 

fortmjjfhtly nutation enonnously affected by intenor liquidity. 

Ilut fOthough so much could be foreseen readily enough, I found it uuposaible 
to discover \?ithout thorough mathematical inveetigatioa what might be the cha¬ 
racters and amounts of the deviations from a rigid body’s motion which the several 
cases of precession and nutation contemplated would present The iinestigation, 
limited to the case of a homogeneous liquid enclosed la an ellipsoidal shell, hns 
brought out results which I confess have greatlj surprised me. When the interior 
elliptuity of the shell is just too sinall, or the penodic speed of the disturbance just 
loo gn»at to allow tho motion of the whole to be sensibly that of a ngid body, Iho 
deviation first sensible renders the preceesionnl or nutational motion of the shell 
smaller than if the whole were rigid, instead of greater, os 1 expected The amount 
of this difti^ronce bears the same pro|>ortion to the actual pri'cessum or nutation as 
the fraction measuring the penodic s|H»eil of the disturbance (in terras of the period 
of rotaiion as unity) bears to the fraction measuring the interior ellipticity of the 
shell, and it is roraarhablo that this result is indejicndent of the thickness of the 
shell, assumed, however, to be small in proportion to the earth's radius Thus in 
the case of precession the oflect of interior liquidity would be to dimmish the penodic 
speed of the procession m the proportion stated , m other words, it would add to 
tne pn’cossioual penod a number of days equal to the multiple of the rotational 
period equal to tlie number whosg reciprocal meosuros the ellipticitv Thus, in the 
actual case of the earth, if we still take as tho elhptioity of the inner brundary 
of tho supposed ngid shell, the effect would bo to augment by .300 days tho pi*e- 
ccssional penod of 12000 jenrs, or to dimmish by about ^ the annual preceaaion 

of about 51", an effect which T need not sav would be wholly insensible But on 
the lunar nutation of 18 0 years period, the eilect of interior liquidity would be 
quite sensible; 18 0 ^ears being twent\ three tunes 300 days, the efiect would be 
to dimmish the axes of thn ellipse which the earth’s polo desenbes in this penod 

each by ^ of its own amount. The semiaxes of this ellipse, calculated on tho 
theory of perfect ngidity from tho very ncenrately known amount of precession, 
and the fairly accurate, knowledge which we ha\e of the ratio of the lunar to the 
solar port of the pnH'essional motion, ore 9" 22 and (V 86, with an uncertainty not 
amounting to one half per cent on account of want of perfect accuracy in the latter 
part of data If tho true values were less each by ^ of its own amount^ the dis¬ 
crepance might hav e escaped detection, or might not have escaped detection, hut 
certainly comd be found if looked for Ho fur nothing can be considered as abso¬ 
lutely proved with reference to the interior solidity of the earth from precession 
and nutation; but now think of the solar semiannual and the lunar fortnightly 
nutalitms The penod of each of these is less than .300 days Now the hydro- 
dvnamical theory shows that, irrespectively of the thickness of the shell, the nuta¬ 
tion of the crust would bo xero if the period of the nutational disturbance were 

300 times the penod of rotation (the ellipticity being ^), if tho nutational period 
were any thing between this and a certom smaller cntical value depending on the 
thickness of the crust, the nutation would be ncwtive; if the penocf were equal to 
this second critical value, tlie nutation would be infimte, and if the penod were 
still less, tho nutation would be again positive. Turlher, the 183 da^s penod of 
tho solar nutation falls so little short of the cnlical 3C0 days that the amount 
of the nutation la not sensibly influenced by the thickness of the crust, ^s negatiTe 
and equal in absolute value to g- (being the reciprocal of times what 

the amount would be were the earth solid threughout. Now this amount, aa 
calculated in the < Nautical Almanac,’ makes 0''’55 and (y'*6] the semiaxes of the 
ellipse traced by the earth’s axis round its mean position; and if the true nutation 
placed the earth’s axis on the opposite aide of an ellipse having 0” 80 and 0"*81 for 
i ^ semiaies, the discrepance could not possibly have escaped detection. But, lastly, 
think of the lunar fortnightly nutation. Its period is ^ of 300 days, and iti 
amount, calculated in tho ' Nautical Almanac’ on the thee ry of complete solidity, U 
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such that the ffreatw aemiaxis of the sppiroxijnately circular ellipse described by the 
pole IS 0"'032S, Were the crust inhuitely tbin this nutation would be nei^tire, but 
its amount nineteen tunes that corresponding to solidity This would mahe the 
greater semiaxis of the approximately cinular ellipse described by the polo amount 
to iyx0"*0885, which is 1" 7. It would be negative and of some amount between 
1" 7 and inhnity^ if the thickness of the crust were any thing irom zero to 120 kilo¬ 
metres. 1'his conclusion is absolutely decisive against the geological hypothesis of 
a thin ngid shell full of liquid 

Jlut interesting in a dynamical point of view as Hopkins’s problem is^ it can¬ 
not ailord a decisive argument against the eirth’s intonor liqiudity. It assumes 
the crust to be perleclly slid and unvielding in its figure This, of course, it cannot 
be, because no material is infinitely ngid , but, comjx)sed of rock and p<>88ibly of 
continuous metal in thp greit depths, may the ciasl not, as a whole, be stiff enough 
to practically ftilfil the condition of unyieldingness ? No, decidedly it could not; 
on the contrary, were it of continuous steel and /500 kilometres thick, it would 
yield very nearly as luutJias if it were india-rubber to the deforming influences of 
cenlnftjgal force and of the sun’s and moon’s attractions Now although the lull 
problem of precession and nutation, and, w^hat is now necessarily included in it, 
tides, xn a continuous rev oh'ing liquid spheroid, whether homogeneous or hetero- 
"geneous, has not v ot been coherently woraod out, 1 think I see far enough towards 
a complete solution to say that pieccssion an(^ nutations will be practically the 
same in it as in a solid globe, and that tiie tides will bo practically the same as 
those of tin equilibrium tlioorv' From this it follows that precession and nuta- 
lioua of the solid ciust, witli the pra< lically perfect flexibility vv^hich it would have 
even though it were 100 kilometres thick and as stifl as steel, would be sensibly 
the same as if the whole eartli from surface to centre were solid and perfectly stid» 
Hence precession and nutations yield nothing to be said against such hypotheses 
as that of Darwju* that the earth as a whole takes approximately (he figure duo to 
grav ity and centrifugal force, because of the fluidity of the interior and the flexi¬ 
bility of the crust Ilut, alas for this attractive sensational idea that a molten 
interior to the globe underlies a superficial crust, its surface agitated by tidal 
waves, and flowing freely tow ords any issue that may hero and there be opened for 
its outward escape” (as Poulett Scrofie called it) I the solid crust would weld so 
freely to the deforming influence of sun and moon that it would simply carry the 
waters of the ocean up and down with it, and there would be no sensible tidal 
rise and fall of water relatively to land 

The state of the case shortly tins —The hypothesis of a poifoctly ngid crust 
containing liquid violates jihysics by assuming preternaturally ngid matter, and 
> idlates oynainical astronomy in the solui semiannual and lunar fortnightly nuta¬ 
tions ; but tidal theory has nothing to say against it On the other hand, the tides 
decide against any crust flexible enougfi to perform the nutations correctly with 
a liquid intenoT, or oa flexible as the crust must be unless ot preternaturally ngid 
matter 

But now thrice to slay the slam ‘ suppose the earth thi^ moment to bo a thin 
eruBt of rock or metal resting on liquid matter, its equilibrium would be unstable! 
And what of the upheavals and subsidences P They would be stnkingly analogous 
to those of a ship which has been rammed—one portion of crust up and another 
down, and then all down. I may say, with almost perfect certainty, that whatever 
may ^ the relative densities of rock, solid and melted, at or about tne temperature 
of liquefaction, it is, 1 think, quite certain that cold solid rock is denser tnan hot 
melted rock j and no possible degree of rigidity in the crust could prevent it from 
bret^ing m pieces and sinkiug wholly below the liquid lava. iSometlung like this 
may have gone oujj^and probably did go on, for thousands of years after solidifica¬ 
tion commenced—Burfa^porlions of the melted inatmal losing heat, freezing, 
sinking immediately, or growing to thickneasei of a few metres, when the surface 
would be cool and the wiiole solid dense enough to sink. This process must go 

♦ ** Observations on the Parallel Hoads of Olen Boy and other ports of Lochaber m 
•fiootland, with an attempt to prove Uiot they ore of marine origin, Tronsooiious of the 
Boyol Society for Feb. iteO, p. 81 
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on until the sunk portions of rnist build up from tho bottom a sufficiently close* 
ribbed skeleton or frame to allow fresh incrustations to romain, bridging across 
the now small areas of lava pools or lakes 

“ In the honeycombed solid and liquid mass thus formed thoro must be a con¬ 
tinual tendency for the liquid, in conseq^uence of ita less spocilic gravity, to work 
Its way up j wheLher by masses of solid tailing from the roofs of vesicles or tunnels 
and causing earthquake-shocks, or by the loof breaking quite through when very 
thin, so as to cause two such hollows to unite or the hquid of any of them to flow 
out freely over the outer surlnce of tho earth, or by gradual subsidonct' of the solid 
owing to the thermodynamic melting which portions of it under intense stress 
must experience, according to my brother s theory The results which must follow 
from this tendency seom sufficiently great and vanous to account for all that we 
learn from geological evidence ot earthquakes, of upheaials and subsidences of 
solid, and of eruptions of melted rock ”* 

Leaving altogether now the hypothesis of a hollow shell filled with liquid, we 
must still face the question, how much does the earth, solid tliroughout, except 
small cavities or vesicles filled with liquid, yield to the delorming (or tide-gene¬ 
rating) influences of sun and moon? This question can only bo answered by obser¬ 
vation A single infimtoly accurate spirit-level or plummet far enough away fiom 
the sea to be nut sensibly aifected by the attraction of the namg and falling water 
would enable us to find the answer Observe by level oi plummet the changes of 
direction of apparent gravity ndativelv to an object rigidly connected with the 
earth, and compare these changes with what they would be weie t)ie earth perfectly 
rigid, according to th(‘ known masses nmi distances of sun and moon. The dia- 
trepance, if any is found, would show distortion of the earth, and would afiord data 
for deWrmiDiDg the dimensions ot the elliptic spheroid into which a non-rotating 
globular mass of the same dimensions and elasticity as the earth would be distorted 
Iby centrifugal force if set in rotation, or by tide generating influences of sun or 
moon The ellbct on the plumb-line of the lunar tide-generating influent e is to 
deflect it towards or from the point of the hon/on nearest to tho moon, according 
as the moon is above or below the horizon The effect is zero when the moon la 
on the honzon t»r overhead, and is ^zreatest m either direction when the moon is 
4rP above or below the honzon W hen this greatest value is reached, the plummet 
IS drawn from its mean position through a space equal to of the length of 

tho thread No ordinary plummet or spint-level could give any perceptible indication 
whatever of this effect, and to mcnaiire its amount it would be necessary to be able 

to observe angles as small as of tho radian, or about Siemena^B 

beautiful hydrjiatutical multiplying level may probably supply the means for doing 
this. ‘Otherwise at present no apparatus exists within amalf compass by which it 
could be done A submerged water-pipe of considerable length, say 12 kilometres, 
with its two ends turned up and open, might answer Suppose, for example, the 
tube to he north and south, and its two ends to open into two small cisterns, one 
of them, tho southern for example, of half a decimetre diameter (to escape disturb 
anco from capillary attraction), and the other of two or three decimetres diameter 
(so as to throw nearly tho whole nse and fall mto the smaller cistern) For sim- 
phcity, suppose the time ol observation to be when the moon's declination is zero. 
The water m the smaller or southern cistern will nse from its lowest position to 
Its highest position while the moon is nsuig to moAununi altitude, and fall again 
after the moon crosses the inendian till she sets, and it will nse and fall again 
through the same range from moonsot to moon nse If the earth were perfectly 
rigid, and if the locality is in latitude 46®, tJie nse and fall would be half a milli- 
metro on each side of the mean level, or a little short of half ^ millimetre if the 
place IS within 10° north or south of latitude 46°, If the air 'jvere so absolutely 
quiescent dunng the observations as to give no varying differential pressure on 
the two water-surfaces to the amount of millimetre of water or ^ of mer¬ 
cury, the observation would be satisfactorily practicable, as it would not be difficult 
> 1 

• * " Secular Cooling of tbo Earth, " Transactions of the Boyal Society of Edmburgb, 
1862 (W Thomson),and Thomson andXait’s ‘Natural Philosophy,* |§ (ssX i//)* 
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by aid of a micToscope to obeorre the nse and fall of the water in the smaller cistern 
h) of a tuillimetre; but no such qnteecenceof the atu]o«ph<»re could be expect^ 
at any time, and it is probable that the yariatiODs of the water-level due to diflerence 
of the barometric pressure at the two' ends would^ in all ordinary weatheri quite 
overpower the small effort of the lunar tide-geueraling motive. If, howo\er, the 
two cistems; instead ot boing open to the atmosphere, were connected air-tigbtl} 
by a return-pipe with no water in it, it is probablo that the observation might be 
successfully made but Siemens's level or some other apparatus on a similarly small 
scale would probably be preferable to any elaborate method of obtaining the result 
by aid of very long pipes laid in the ground ; and I have only called \our attention 
to such an ideal method as leading up to the natural phenomenon of tide^. 

Tides in an open canal or lake of 12 kilometres length would be of juni the 
amount which we have estimated for the cisterns connected hy submerge pipe, 
but would be enormously more disturbed by wind and vanaiious of atmospnenc 
pressure A canal or late of 240 kilometres length in a proper direction and in n 
suitable locahty would gi\ o but 10 millimetres nse and fall at each oikI, an eflect 
which might probably be analyzed out of the much greater disturbance produced 
by wind and dtfterencos of barometric pressure, but no open liquid le\el ^hort 
the vifffiTis tJie ocean, will probably V found so wolf adapted as il 

for measuring tne absolute value of the distmbento produced on torresbial 
gravity by the lunar and solar tide-generating motn e But ob8er\ ations of the 
diuruiu and semidiurual tides in the ocean do not (as they would on smaller 
and Quicker levels) suffice for this purpose, because their amounts differ enor¬ 
mously from the eauilibnum-values on account of the smallness of their periods 
in comparison with the periods of any of the gra^e enough modes of &ee 
vibration of the ocean as a whole. On the other hand, the lunar fort¬ 
nightly declinational and the lunar monthly elbptic and tho solar semiannual 
and aunu^ elliptic tides have their periods so long that tboir amounts 
must certainly bo % ery approximotolv equal to the equihbnum-values. But there 
are large annual and semiannual changes of sea-level, probably both diHoreutial 
(on account of wind and differonces of barometric pressure and differences of 
temperature of tho water) and absolute, depending on rainfall and the meltii^ 
away of snow and return evaporation, which altogether swamp tho small semi¬ 
annual and annual tides due to the sun’s attraction. Happily, however, for our 
olgect there is bo meteorological or other disturbing cause whicn produces periodic 
chanm of sea-level in either the fortnightly declinational or the m on tidy elliptic 
nerkd; and the lunar mvitatioual tides in these periods are therefore to be core- 
xiilly investigated in older that wo may obtain the answer to the interesting ques¬ 
tion, how much does the earth as an elastic spheroid pold to the tide-generating 
Influence of sun or raoonP Hitherto in the Bntisu-Association Committee h 
reductions of l^dal Observations wo have not succeeded in obtaining any trust¬ 
worthy indications of either of these tides. The St.-Qeorge’s pier landing-stage 
pontoon, unhappily chosen for tho Liverpool tide-gauge, cannot be trusted for sucli 
a delicate investigation: the available funds for calculation were expended before 
the long-period udes for Hilbre Island could be attacked, and three years of Kur- 
raffliea gave our only approach to a result Compwriions of this with on indication 
of a rewilt of calculations on West Hartlepool tide<i, conducted with the asaist- 
■nee of a nant from the Royal Society, seem to show possibly no sensible yield¬ 
ing, or peroaps more probably some degree of yielding, of the earth’s figui'e. The 
abs^e from all the remits of any indication of a 18 0 yearly lide (according to 
the sa^e law aa the other long-period tides) is not easily explaiued without 
aseuimim or admitting a considetiMe de^e of yielding. 

Olosefy connected with the question of tho eaith's ri^dity, and of as g^t sclui- 
t(fio interest and of even greater practical moment, 4s the qiie&Uon, How nearly 
a^^ourate is the earth aa a timekeeper ? and another of, at all e\ ents, equal sciehtifle 
interM, How about the pormanence. of the earth’s axis of rotation P 

smd Maxwell, aoout 3d and 25 years ago, eepanUcly raised the question, 
Hqw much does the earth’s axis of rotation deviate from being a pnsripaf axis or 
inertia P and pointed out that an answer to this question is to be obtained by 
locMi^for a variation b latitude of any or every place on tho earth’s surfcoe to a 
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period of 300 da^ The model before von illtutratee the travelling round of the 
instantaneouA axu relative|^ to the earth in an approximately ciroular cone whoae 
axii u the principal axia of inertia, and relahvely to space m a cone round a fixed 
axis. In tae m^el the former of these oonea, fixed relatively to the earth, rolls 
internally on the latter, supposed to be fixed in space Peters gave a minute investi^- 
tion of observations at Pulkova in the years 1841-42, which seem to indicate at that 
time a deviation amounting to about of the axis of rotation from the principal 
axis. Maxwell, from Greenwich observations of the yean 18/>l-54, found seeming 
indications of a veir slight deviation, something less than half a second, but difier- 
ing altogether in phase from that which the deviation indicated by Peters, if real 
and permanent, would have produced at MaxwelFs later time. On my begging 
Professor Newcomb to take up the subject, ho kindly did so at onco^ and undertook 
to anal>ze a senes of observations suitable for the purpose which bad been made in 
the United-States Naval Observatory, Washington A few weeks later I received 
from him a letter referring me to a paper by I)r. Nysen, of Pulkova Observatory, 
m which e similar negative conclusion a* to constancy of magnitude or direction 
in the deviation sought for is arriied at from several scriefl of the Ihilkova obser- 
vations between the }eara 1842 and 1872, and containing the‘following statement 
of his conclusions: — 

The investigation the ten-month period of latitude from the Washington 
prims vertical obeervatioiis from 1802 to 1807 is completed, indicating a coefficient 
too small to be measured with certainty The declinations with this instrument 
are subject to an annual period which made it necessary to discuss those of each 
month floparately. As the senes extended through a full five years, each month 
thus fell on five nearly equidistant points of the penod If v and y represent the 
coordinates of the axis of instantaneous rotation on June 80, 1804, then the obeer** 
lationa of the separate months give the following \ allies of .r and y •— 


January 

r. 

. 30 

Weight 

10 

+0-32 

Febnwry . 

^(ym 

14 

+0-09 

March 

. +017 

10 

+010 

April .. 

My . 

. . +044 

5 

+0-06 

.. +008 

10 

+002 

June . 

. . -0*01 

14 

-0-01 

July , 

. . -005 

14 

000 

Au^t ... 

-024 

14 

+0 29 

September 

. . +018 

14 

+0*21 

October ... 

. . +0 13 

14 

-OOl 

November 

+008 

17 


December 

-0*08 

10 

-008 

Mean . 

001 ±0-03 


+005±003 


^‘Accepting these results as real, they would indicate a radius of rotation of the 
instantaneous axis amounting, at the earth’s surface, to 5 feet and a longitude of 
the point in which this axis intersects the earth’s surfece near the North 1^, soeh 
that on July 11.1864, it was 180® from Washington, or 103® east of Gieeawiolu 
The excess of the coefficient over its probable error is so slight that this result 
cannot be accepted os any thing more than a consequ^ce of the unavoidaUe 
errors of obeervation.” 


From the discordant character of these results we must not, however, Infer that 
the deviations indicated by Peters, Maxwell, and Newcomb are uniei^ On tiie 
contrary, any that fell within the limits of probable error of the obwrvatlons ought 
properly to be ragged as real There is, in fact a wra com in the tempoiwy 
changes of se^lcvel due to meteorological causes, chiefly winds, and to mutton of 
ice in the polar rerions and reium evaporations, which seems amply suflcMt to 
account for Imgufer deviations of from j’’ to of the mrth’s instontooeoiu aids 
fern the ws of maximum bertia, or, as I ought rather to say, of the axis of 
maximum bertia feom the instantaneous axia 
As for geological upheavals and subsidMicei^ if on a very Itrgs scale of eze% 
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they mutt produce, on the period and axis of the earth’s rotation, effects comparable 
with those produced br chanf^es of sea-level equal to them in vertical amount. 
For simplicity, calculating* as if the earth were of equal density throughout, I find 
that an upheaval of nil the eartJi’s surface in north latitude and east lougitude and 
south latitudo and west longitude with equal depression in the other two quarters, 
amounlmg at greatest to ten centimetres, and graduating regularly from the points 
of maximum ele\ation to the points of maximum depreasiou in the middles of the 
four quarters, would shift the earth’s axis of maximum moment of ineiim through 
]" on the north side towards the mendian of 90"^ W. longitude, and on the south 
snle towards the meridian of 90^ E longitude. If such a change were to tako 
place suddenly, the earth’s instantaneous axis would oxpenenee a sudden shitting of 
tut (which wo may neglect), and then, relatively to the earth, would com¬ 
mence traielUng, m a period of 300 days, round the fresh axis of maximum moment 
of inertia The sea would be set into vibration, one ocean up and another down 
throuf^h a few centimetres, like water m a bath sot as wing. The period of these 
vibrations would be from 12 to 24 hours, or at most a day or two , their subsidence 
would probably be so rapid that after at most a few months ihoy would bocoxno 
losenaible Then a regular SOd-days period tide of II centimetres from lowest 
to highest would be to be observed, with gradually diminiahing amount from 
century century, as through the dissipation of eneigy produced by this tide 
the instantaneous axis of the earth is pra^lually brought into coiucidence with 
the fresh axis of maxiuiiim moment of inertia If we multiply these figures by 
3600, we find what would be the result of a similar sudden upheaval and sub¬ 
sidence of the earth to tlie extent of 360 metres abo\e and below previous Iciels, 
It w not impossible that lu the very eaiiy ages of geological history such au 
action as this, and the consequent 400-iiietres tide producing a succession of deluges 
every 806 days for many years, may haio taken place, but it seems more pro¬ 
bable that even in the most ancient times of ^ideological histoir the great world¬ 
wide changes, such as the upheavals of the continents and subsidences of the ocean- 
bods from the general level of their supposed molten ongm, took place gradually 
through the thermodynamic melting of solids and the eqiu^zing out of liquul 
lava from the intonor, to which I navo already referred. A slow distortion of 
the earth aa a whole would never produce any great angular separation between 
the instantaneous axis and axis of maximum moment of luerUa for the time bemg. 
Considering, then, the great tacts of the Himalayas and Andes, and Africa and the 
depths of the Atlantic, and AmoricA and the depths of the Pacific, and Australia, 
and considenng further the elhpUcity of the equatonal section ol the sea-level esti¬ 
mated by Capt. Clarke at about A of tho mean ellipticity of meridional sectiona 
of tho sea-level, wo need no brush from tho comet’s tall {a wholly chimerical cauao 
which can never have been put forward seriously except in ignorance of elementary 
dynamical principles) to account for a change in tho earth’s axis , we need no violent 
convulsion producing a sudden distortion on a great scale, with change of the axis 
of maximum moment of inertia followed by gigantic deluges, and wo may not 
merely admit, but assert oa highly probable, that the axis of maximum inertia and 
axis of rotation, always very near one another, may have been in ancient times 
y^ry for from their present geoflrapbical position, and may have gradually shifted 
t^ugh 10,20, 30, 46 , or more degrees without at any tune any perceptible sudden 
disturbance of either land or water. 

Lastly, as to vanations in the earth's rotational penotl You all no doubt know 
how, in 1863, Adams discovered a correction to be needed in the theoretical calcu¬ 
lation with which I^place followed up his brilliant discovery of the dynamical 
ezplOnatiou of au apparent aodsleration of tho moon’s mean motion snown by 
raoords of ancient eclipses, and how he found that when his correction w|ui 

K " d the dynamical theory of the moon’a motion accounted for only about half 
observra apparent acceleration, and how Delaunay m 1860 verified Adams’s 
result and su^est^ that the explanation may be a reta^tion of the earth’s rota* 
tien by tidal mctlon. The conclusion is that, since the l^h of March, 721 n.c*, a 
day on which an eclipse of the moon was seen in Babylon, commencing ** when one 

boot after her rising was fully passed,” the earth has lost rather more than 

2* 
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of her roUtional ^clocliy; or, as a timekeeper, is going slower by seconds per 
unnum now than then. According to this rate of retardation, if uniform, the 
earth at the end of a century -v^ould, as a timekeeper, be found 23 seconds behind 
ft perfect clock, rated and set to agree with her at the beginning of the century, 
Newcomb’s subsequent investigntioiH in the lunnr Iheorv have on the whole tended 
to conBrm this result j but they ]ia\e also broiipht to light sonio remarkable ap¬ 
parent irregularities in tho moon's motion, if real, refuse to be accounted 

lor by the gra> itational tliCMiry without tho influence of some unseen body nr bodies 
passing near onough to the niofm to influence her mean motion. This hypothesis 
Newcomb considers not so probable os tbat the apparent im'gulantios of the moon 
are not real, and are to be accoiwted for by irregulanlies in tho eaith's rotational 
velocity If this is the true explanation, it seems that tho earth was going slow 
fi'om 1850 to 1802, so much os to liaie got behind by seven seconds m these twelve 
years, and thou to have begun going faster again so os to gam eight seconds from 
1802 to 1872. So groat an irregularity as this would require somewhat greater 
changes of sea-level, but not many times greater than the British AsHoriation 
Committee's reductmns of tidal ohflervations for several places in different parts of 
the woild allow us to admit to have possibly taken place The assumption of a 
fluid interior, which Newcomb suggests, and the flow of a large mass of tho fluid 
*^froin equatorial regions to a position nearer the axis/’ is not, from what I have 
said to }ou, admissible as a probablo explanation of the icmarkable acceleiatioii of 
rotational velocity which seems to have taken place about I8(f2 , but hapjnly it la 
not necessary A settleinont ot 14 centimotres in the equvtonal regions, with cor¬ 
responding nsc of 28 centimetios at tho polos (which is so slight us to be absolutely 
undiscovorable in astronomical obeervattnles, and which would involve no change 
of sea-level ebsolvitely disproved by reductions of tidal observations hitherto made), 
wonid sufHco Such* settlemenU *niU8t occur from time to time, and a settlement 
of tho amount suggested might result from tho diminution of conti ifugal force due 
to 160 or 200 centuries’ tidal retardation of the eaith'a rotational «q>eed 


Mathematics. 

leu Mouvemeiits apermliqms tlet 8tfiihne9 de PohUi MiUrieh* 

By M. Valevtuto Cerbuti. 

A shoit communication referring to a system of points subject fo their mutual 
action and to that of fixed exterior points. 


8w hs 8}fstones de Bpldree H lee S^t^temes de DroUes, 

By Professor Ldigi CnhMOKA. 

('’ette communication nvaitpoui objet d’oxposer inio metliode pour transformer 
h)s con^ntencee (syst^mes douolemcnt inflnls) de droites, contenuea dans un com¬ 
plete lindaire donn^, de lnan]^^e qu'^i choqiie droite de la congruence corrosponde 
un point d'une Burface, et vice-versa La m^thode r^siilto de la combinaiBOtt 
defl transformations de IV-^poco h trois dimenoions, expoa^es par Tauteur dans 
lea ' Annnli di Matematica^ (e5rie 2% tome 6*), avec la transformation, donnte par 
MM, Noether ot Lie, d'un complexe lindaire en Veapace ordinaire (point-eapaco). 
Ruivant cette tranaformation, lea pinna do I’espoce correspondent anx congruence* 
lilldaires du complexe donn(5 qui contionnent une droite fixo; et aux autrea congm- 
ences lin*'aires da ra^me complexe correspondent lea spheres do I'eepaoe ordinaire^ 
La m^thode axpoade dons la couimiinication donne toutea lea tnuiaformationa d'un 
complexe lin^aire en Veapace ordinaire, tellea qu'aux congruences lim^airee con- 
temiiit une droite fixe oorrespondent des surf ices d’un ordre donn4. En parrioulior, 
c robtient toutes lea congruences (non-lindaires, contenuea dona le ecmpl^ dom&d) 

t u! sont susceptiblea d'etre repr^nt^ sur un plan^ de manidre que cnaque droite 
e Ir congruence ait pour image un point d^tennin^ du plan et que, ^oo-vetsiij 
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dtaque poiiit da plan corresponde 4 uue droite umque do 1 h coiip^^rueuco Bi I'ou 
trftnsforme le plau par led polau^ea r^clpioquos de PoBcelet, los images dee droites 
do la congruence -Msiont les droitcs du pom repr^sentatif. 


Oil GHti*Jucal Intei^olation and Inteyiaiion, 

By GkoRoi: H. Dahwin, M,A»j Fellow of Tnn, ColL, Camhridyc* 

Suppose a number of points A, B; C, &c. arc given on eqmdisttiut ordinates of a 
rurve, and that it is desired to draw a curs e through thorn This may bo best 
done by interpolating intennediate points Lot a, by e, bj ordinates halfway 
between A and B, B and (\ &c. Join AB, BO, &c along tho whole curve, and let 
the ordinates a, 6, o, &c. intoisect AB, BO, Cl), t^c. \\\ fy (fy //, At* Join AC, BD, 
CE, &c, and so on along tho whole cui\c, mid 1( t tho ordinates B, 0, D, (S-c. inter¬ 
sect AC, BB, CE, &c. in F, O, TI, &c. Thou tho rule for interpolating on tho 
oidinates a, by e, &c is —produce afio /, and make // = J BF ; pioduce by to m, 
and make ym = \ OCf, and so on. In caiiwug this out practicallv, Be^eral of tho 
above lines need not actually be drawn 

This rule may be provetl fiom the prifpcrties of the (irclo of cunaturo, which 
passes through three consecutive points, such as A, B, 0 It gi^os results correct 
as far as second differences. A slightly different result will bo obtained by working 
along the curve m tbo opposite direction • to obtain a better result work both ways 
along tho curve, and choose tlie points which lio halfway between tho disciepaut 
leadings. Tho result so given is correct oa far as third differences 

In determining the approximate value of a definite mtegial it is often convement 
to find a geometrical construction for giving a line proportional to the function to 
bo integrated, and then to detonmne half a do^en values of tho function. But tho 
question then arises as to how these terms are to be combined, ho as to give the 
required integral—wht thor by tho nilcs given hy llie calculus of finite differences, 
or by tho simpler rub* of taking tho mean of the e\tiernes and adding it together 
with all the rest, and multiplying by the common diftoienco. Each ordinate or 
term la affected by an error, and it may bo that the thooietically best rule may give 
a higher probable enor to the result than tho more impeifect lule. If, for example, 
we have seven ordinates, each subjt'Ct to a probable eiror c, Weddlo*s rule (soo 
Biwle’s Oalc. Fin Biff) would give a result «ubj^*ct to a probable error 2840 /ic, 
whilst the worse lule only gives a probable error 3 345 hcy wbeie h is the common 
difibronce. It must tbeiefoie xemam indetemmiato wbetlier moio is gained by a 
diminished probable error or by a better rule of quadratures. Tho question could 
only be dettwined by some loiowledgo of tiie amount of probable orroi of each 
ordinate, an I of the abruptness ot tlio cuwaluro of the curve*. 


On ccrl(fin Dete/'miiuftiis By J. W. L. (xLUHUhR, Alui*, 

^^he author gavo the following losulU - - 

L If Ph denote the uumlior of partitions of m into the elements 1, 2, 3, 4 .. 

r^titions not excluded, tlien 



+ 1» 

—1, • , • , 

* » • , 

• 1 



+1. 

+1, -I, -. 

* * * t 

• . 



• , 

+1. +1, -1. 

* t * f 

• » 



• , 

• 1 +1| 4*1» 

-1. • r 

• f 

• , .... 


-1. 

* r • » 

-1, 

• 1 

• , .... 


• t 

— 1, • , • , 

+ lt +1* 

-1, 

•. 


-1. 

• I -If * f 

• » +1| 


-1. 


• » 

--1, • . -1, 

* 1 * I 

+ l| 

+ 1. 



* * . . *»» 

# ■ V t # • 

. .* 

.... 


irfaere tho first column is 

* Hw paper ii printed m ulcfirv m tho * Mciaongor of Molhemotws,* toI. tI. (January 
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+ J, + 1, 0, 0, - 1, 0, — 1, 0, 0, 0, 0, + 1,0; 0, + 1, 0, 0, 0, 0, 0, 0, — 1,0, 0, 0, 
- 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , + 1 , ... • 

vii. between two unities of the same sign the numbers of ^eros follow the law 
0,2; 3, 4 .. , while the numbers of zeros between two unities of opposite sign 

follow the law 2, 4, 6, 8 ., , the second coluiun is the same as the first column, 

but lowered one line, and with — 1 os the top constituent; the third coluiun is the 
Stuue as the second line, but lowered one hno, and with zero as the top constituent; 
the fourth column is the same as the third column^ hut lowered one line, and with 
zero as the top constituent, and so on 
For example:— 


P,=,4*l, -*1. • 

, + 1 . +1 




which is nght, since 8«il + l+l«l+2. 

II. If ^(f») be the sum of the divisors of n, tlien 


+ 1> 

-b 

• 

« , 

• » 

• , 

• » * « > • 

4*2, 

+1» 

-1, 

• . 

• » 

• . 


• j 

+b 

4-1, 

-1, 

• , 

• , 

• . 

• , 

• , 

4*1. 

+1. 

-1, 

• , 



• t 

• . 

4-b 

4-1, 

-1, 


• ^ 

-1. 

• , 

-1. 

• 

4-1, 

4-1, 

1, • •. 

-7. 

• 1 

• . 

• , 

+ 1, 

4-1, •. 

.. • 

. 

. *. 

• • 

• 

e • • « 

* • • 


(n rows) 


where all the constituents remain as before, except those in the first column, in 
which the rth constituent appears multiplied by r. Thus the non-rero constituents 
in the first column are the pentagonal numbers, of the form A«(3«+l), 

For example 


i/.(3)= 


which 18 nght, smee ^(3)aal4.3B 
in. Consider the determinant 


V- 


+1, -1. 
+2, +1. 
• » +1» 

t4. 


-1 

+1 


=4 


2, 

3, 

4, 6, 

e, .. 

1, 

•, 

2, •, 

3, .. 

•, 

1, 

*, *, 

3, . 

•, 

• , 

1, •, 

.. 

•, 

• , 

*. 1, 

•. •• 

•, 

• y 


1. .. 

* • 

•• 

• • • • • 

• • 


... n 


(n—1 rows) 


wherein the top bee contains the natural numbers beginning with 2 and ending 
with n ; the second hue is obtained by dividing the constituents of the top bne hy 
2, and entering the quotient or zero according as each constituent is or Is not 
siblo by 2; the third line is obtained by dividing the constituents of the top line by 3, 
and entering the quotient or zero according ns each constituent is or is not divisible 
by 3, and so on. 

Then V»0if n it divisible by any tquaie factor, and V«(— )"+”n if n it admple 
product of prime fiactort; viz. .. * • where a, 8, y ^ are difierent primes, 
and N denotes the number of prime divisors of «, unity included. 

For example.— 

12, 3, 4, B, «l*:(-)«+»6 

|l, •» 2, •, 3 

. 1 f •» • I 2 

•, 1 . 

• I •» I» • 

11 

which is easily terified. 
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Oa a Ber%€$ leadit^g to an Sixp\mionfo^ th6 fheta Function us i 

DcfimU Integral By J W L Glaibheb M A F 

Bj meaoi of the formula giving the raaolution of 1+*" Into ite linear factors 
and of the equation 

nn {a-tc) Bin (a+a) _ J »• \ f , ^ _\ J 1 _ \ 

1 I 1 ^ 1 I (a-hiry J 


it oan be shown that 


{ * } ( ’ <,+S,)'} 

■i Jt ^coseo Pi Pj P, P»-i if » be even 
2 ^coaec ^cosh —coa Pg P| 2 if n be uneven, 

P,- {co»h (2j-'«u.^)-co,^(«-^cosg) } 

X jco,h (^-««3-coaf(«+xcos^)} 

and oo«li x smh a. are wntteu as usual for the hyperbolic cosine and stue of a vit 
coah ar«ii(e*+e^) 8inhx«i(6'—c *) 

Taking tlio logarithm and differentiatmg we have 


and 

where 


2iw*' 


{**"+ 0 * 


+ rsr 


1 




}• 


•j|q+Q,+Q. +Q^,Jxf»be 


even 


and 

where 


2 ir 

T 


filuh ^ 


cosh 






> if rt bt uno^ en, 


co*h -e<>.$(a~;rco.^) 


ainganh 4 


Uilag tito integral, 




tir€ 
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WO llRAO 


g —0 <a—&) -t*®—® &C 

» IQ + Qj + Q, +Qm-i } Mn(c"e )dr if u bo even, 



smh 


2rrx 


, in-x 2ft t 

cosli -T-cos—r- 

o o 


+Q+Q« +Q 


gin{c"a if « ] 0 
uiiev'tn 


The exponrnts on tl»o left Imid side aro always to be numcmally negative, ^\z 
tUt,y shotdd bo written - ^ {<" «’ } V {c**(a-i)” }, &e Tbo quantitj c la redun¬ 
dant, and may be put i qiial t) unity without loaa of generality 
Putting »b= 2 and 0=1 v\o hud uiat 


r 

T\beiu 


%' 0 

-. V _Binh ;?V2-hain (^>^^+-^9) 
j \V “cosh/ jV 2—cos(jii/i-f-Sg) 


Is w 






»* A 

1 I A " 2jr* 

1 + 2e * cos 

<1 

-1.2X^co8l!L'+&c 

a 


}• 


whence, the notation being that of tho undamonta No^a, it con bo shown that 

®(^)“t^\/(K) {/(<* + !»)+/ft-»-*») 


ud Iheiefoio 


wheie 


eW-^/1) {/(«<» «)+/(•/, — w) 




Also it can bo shown that 


where 


0(X) Vo .C {^(«t cos t^eUf 

C06h]pV2—^ 0>V2+^) 


On Pa%alkl Jkfotum W. Hatdbn 

In ^ pft|M the author noticed several oases of approximate three*6ar parallel 
I, founded upon certain numenoal coincidences* 
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Oil Phne Chihtcs of tJic Thud ClnsB xvxih a Doxihle and a St ijh Foots 
By IIenhy M Jetflev, M A 

1 The clasaificfttion of class-cubics js siuiplor than of plane ortlei cuhica, because 
there are three real foci in oicli of <he former, whereas two of the asvinptotee ot 
order cubica may b iuuvgmai\ 

The thiee groups amnged by the coincide nco of the foci ha^c betu staled in 
the Transactions for 1875 nnl the tlizid gioup of sphonral cams ihtro sliplchcd 
This group (*cp^=Bo) has Wu aUo fully considered in the KJuartcily Toumil of 
Mathematics for l 8 ‘'(, b th foi piano and sphtneal class cubics with illustintivo 
diap^nis I he e two memoirs c ntain complete classification of circular cubica 
by interpreting Tbolhian a i ( irtcsian coordinate^ 

2 In the clasaihcation ut th second gioup ) Ih two fod will be con 

fiidered fixed while the satilhti-p int ^aiics 1 liere is a ceitain qiiartic curve the 
locus ot tho satellite punt when theie is n p lut of infi xi m in thi cune if the 
anlellite point is within this cune there will be three cutic lints or bitangonts if 
it be on the curvo thoio will bo one biinngent an 1 two olh is comcidin^ in a sta 
taonary tmi^nt, if it fall be^ cud tho be unding cuixi nlv ono bitangent is po-^sibh 
The cntic linos or bitnn^ iits are the common tangents of threo piialxlm whose 
foei are aeverallj the satoUiti^punt and the two fou of tho cubic 'Wlun these 
paraboloo are diawn, tho bilongenta aie obtained giaphieallv 

The several cases of eubics of this group will ho nevt conHiltud according to tin 
position of the satellite with lefeionco to the boun ling turvo while nil thice points 
are finite, and subsc [uently, w hen tho satellite point and tho foci arc, ono oi more, 
at infinity, also when tho three points aro coUinoai 

3 The group mnv Ih thus ropres^'nted —^ 

up := 0 , 

whore 4A*t=:flf;)r-j-i^Q-j-c/R, m o, t are the curicnt lino c ordinates, and Ps=fr/>— 

cos C—o cos H Q R have iilto vtduts foi points at inhnitv, as tho quadrantal 
poles of the sides of A J 50 

Ihere are usually threo critic lines, whose equations arc obtained by joitial 
difierentiatlon — 

rty>P;*=4A'(l) hqqz=2A\2) rrR«-2A\3) 

Since the condition 71 = 9 = ; satisfi s all theso equations tlio uitic linta must 
touch three parabolic, whoso foci ore the veitiees and who'^o axes mo the }Ki])en- 
diculars drawn on the sides of the tiian^lo of rofcience, and, latora fcrta ore foui 
times, twice and six times its corrchpoiiding altitudes 

Ihere ore three of tlieso cntic lines, ono of which is ulwa^fi leal 

4 The Cartesian equation to tho bounding cur\e (§ 2 ) or locu** of the svtLlht - 
point, when there are stationary points m this gioup of class ciibic*^ la 

+■**)’(—(l+0;p)(I-|-10, 

or 

The double tocos is the ormn, and tho f-ical distanco ou tlie x axis is takiu as 
unity, a pwr of asymptotes Is inclined to tho diaaioter at angles 4*30^ 

The envelop of the stationary tangent is a hyperbola, luid or"tin siiigli (oui^ 
with^twofold) bitangent is a cubic ot division V, whose double focus is at in 

6 . ClsMificatlon of the h^es ofclass^cubics with double foci* 

I When tho satellite-point lies beyond the bounding qiiartic, there is one bitan- 
gent oidy 

The tnaugle of refereuco formed by the foci end the satellite-point is taken to be 

e<tuilatw5^ 

* diagrams illustrating Ihe critical and the companion curves aooordin| to these 
hme capital dirisions, were exhibited at the Glasgow Meeting and are ready for pubh 
CuMmi ^ 
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Let tUo cubic be thus denoted 

p^gmitr. 

The ontical value (kss 5*1458) determme« the bitan^ntial cubic. The cubic is 
bipartite or uuipartite^ according as «:>^6*1458, equihannonic if «w 1*67 or — 17 > 
harmonic if — 15, 

There may be two real ns^ niptotee, since there is one bitangent in this division. 

II. When the satellite-point is on the bounding sextic. 

In this case there are two cntical values of the pajameter; corrospooding to the 
hi tangential and mdexional cubics, viz. 11*00 and 08. The curve is bipartite if 
*^^11*09. 

III. Wheu the saielhte is inside the quartic, and is (1) not collinear, and (d) U 
collinear with the foci 

(1) There aie three bitaugeuta when /cbs 47, *07, *00. For higher values of jc, 
the curve w bipartite, between 47 and 07, mu partite; then bipartite and below 
the bitangential c111 va unipartite 

There may bo four asymptotes. 

(3) Lot the cubic be thus denoted*— 

There are hvu bitangento with real and imaginary contact, as is thus shown:— 

For the iuHexional genus, the dlBoriminant gives the condition 
045\»(37(J*-185c-6")^ 

This may be resolved into two factors.— 

(6—r) (5—0c)\ 

The iirst factor lesoUes the cubic into a point and a circle, Uie second factor indi¬ 
cates the cissoid. 

The satelilte-point in this case is the apse in the qusrtic bounding curve. 

IV. If the satellite-point be at infinity (1) not collinear, (2) colShear, with the 
two foci 

(1) There ai^e two bitono^ntial or a single inflexional, or no bitongential form, 

according as the satellite lies within, upon, or beyond the quartlo curve. One 
asymptote connects the double focus with the satellite; the other three concur iq 
the point « 5); the lino at mhnity degenerates into these 

points. 

(2) There may be two asymptotes, which unite in a bitangent, for a special value 
of the parameter 

V. If the double focus in at infinity, (1) not collinear, (2) collinear with the 
tingle focus and satellite-point 

The cubic has in all cases a bitangent, and for a pailictilar value of the para¬ 
meter two bitangents coincide in a stationoiy tangent at a pomt of inflexion. The 
inflexional cubic in (3) is tlio seinicubical parabola 

VI. If the single focus is at iniin{t> fj) not coUiueai, (2) collinear with the 
double focus and satellite. 

There are two hi tangential forms, but no inflexional case The reciprocals in (2) 
are Newton's defective hyperbol®, with diameters and double foci. 

VIL If the single focus and satellite-point are both at infinity. 

The curve is central and parabolic, with a cusp at inflnity, but cannot have a 
bitangent Its single asymptote connects the doulue focus with the sat^Hte. All 
cuhics are oqulhamonic of the form 

+,)(!*+,«). 

It la tbiu denoted in Boothian coordinates.— 

* xj+(«{+fa,)(r+i^).o. 

TLo reciprocal is Newton’s central species (88j. 
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VIll. If the double focua snd aatellite-pohit are both at iniinitj. 

There ia aa iadexaooal form m all cases, as appears from the equation to the 
STStem.— 

Xr+K+67)(r+')*)=0. 

The reciprocal is n cusped cubic. 

TX. if the double and smglo focus are both at infinity. 

Tlio bne at infinity is an uciwbitaugont m all cases, as is shown by tho equation 
to the system .— 

Xf\af+6-?) + (C+90=0. 

0 To find tho asyiuptoles of this j?roup of claas-cubics. 

Since the polar-point of an Asymptote {p, g, r) lies on it, and also is at an lufimto 
distance, the boorainatos of on a8}inptote must satisfy two equations — 


ff> (1) 

and that to the polai conic of the line at infinity 

.w 

one of whoso foci, as we should anticipate, is the double focus. 

Tho four asymptotes touch a come, whose foci are /?=0, 2q+p=0, Hence also 

>i^g+p)=~pg .(3) 


The elimmatiou of r from (2) and (3) is a quartic equation Hence theie cannot 
be more than four asyi^totes. lU discriminant is a factor of the discriminant of 
the ternary cubic (1) Iwo imaginary asymptotes always connect the double focus 
with tho circular points at infinity, 

If the sateUite (which is alwa) s on the curve) be at xnfimty, its connector with 
the double focus is au asymptote. The extremities of two asymptotes may coincide 
in a bitangeni 

7. The centre or polar point of the lino at infinity is on AD, tho connector of tho 
foci, at the distance J All from A, tho double focus. AU touches the cubic in 0, 
DC touches it whore it meets tho line O—irywO). 


On tSpJurical Chiss-cnbtcs mth DovhU Foci a>id Double Off die Arcs, 

B\j Henbt M. Jepfbrt, M , A , 

1, This group may bo denoted by line coordinates, as in pknio .— 
where 

((iV)^=aE(a®p*""2ftcgr cos A), 

and the coordinates p, g, r denote the sines of the perpendiculara from Uio lertices * 
ABC on a tangent arc, and generally the symboU may donoto tho wngs of area 
There ore four cntic vtdues of the parameter end four biteugontial Aaluoa. By 
partial differentiation, for a critic value, 

2iq9g-|-2r*<ir«0 * -h2r6(iw0 ’ (OV)>-h2rcltw0, 

where PHqp-^6ocosO-«r cos'b j and similar expressions denote Q, K, the Uue^ 
coordinates of a tangent axe referred to the ^lar triangle os on© of reference. , 
Thees condition for a bitangont may be thus written,— 

^ipP-(8V)“: 2^»(0V)*: 2crR-i-(0V)*. 

These equations denote three spherical ellipses, whose foci are in the severe! eaw 
the pofats of refbrenee A, B, O, and the corresponding points of lefereaoe of the 
tnengle of ABO. 
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2. There is a sextic bouuding curve, the iocua of the 8aiellite-poiut, when ilxero 
18 s point of lufioxiou; this cuno is bipaititu with su oval If the satellite ia 
within the oval, four critical values of the parameter v leld bitaiigontial foims of the 
cubic) li the satelbto is on tho oval, one inflexional Vnd two bitangoutial cubics; 
if the satellite is outside tho ov al, two bitangential cubics. Its equation, in Uudu- 
luann’s coordinates, is 

{(44H3)i^'+(i 4-.1 X«'+3-M}’=27(&'+l)(^^+y) { (t+y^}^ 

If the two foci me a quadrant apart, h=zco, and the bounding soxtic becomes 
4i/’+l=3(T+jr;*. 

3 All cubicfl with double fou have double c}clic arts. 

Let the hne-equation to tboso cubics bo wiittcn 

cos A) = 0. 

Its equiraleut point-equation mity be thus ananged — 

(j5r‘+2)3y cos A + y^) { -12j3y V’ +• 3/t»(a)9V’ - “V + 27«-;3’+ 18**^y cos A 
20<i/3y^co8C4-30a/9Vco® B)-+‘12ic[—/S'y — a;3^ coall+a^coa A — a*y cos 
—3<i/9^ cos C — cos B-)“2 COB A cos C)a'*/3 -|- (cos A —2 cos B cos C) 

-(1+2co 8’ C)a“/3y]} +12(flV)’ (®~)'{tf-‘yV+2«(-/3’y-4«.^’ cosB 

"f cos A -}“ “1" COS Cj d" (a^ -b2a)3 cos C+^ . 

But, If V denote the volume of tho tetrahedron constituted by the ceiitie of tho 
sphere and the angular points of the triangle of reference, 

(flV)* *= 2(a*o^ d- 26f3y cos a) 
ae(flta+^ coscd-ey cos cos A+y^^. 

Hence if ^isaO be a double focus, its quadrantal polar (tm+^/ScoBC—cy cos^sO) is 
a double cyclic arc (See § 7 ) 

Tho proposition soeius to bo susceptible of simple proof and of generalizatiuu. 

4. If a spherical curve hav e a innftiplo cyclic arc, it has at least a double focm. 
Let the triangle of reference be tnrectangolar (which assumption does not affect 

tho generality of the proof), and let tho quartic exhibit AB as a multiple cyclic 

The terms may be thiw grouped,— 

+Xm)* 

In thin form the imaginary lines («aie seen to meet AB in two coincident 
points I, J , the tangents at these points wo these arcs Cl, C J . th»*ir point of con- 
cnrrence is therefore a double fofus. This proof seems applicable onW to the case 
where the focus is the quadrantal pole of the cvelio ere, the points I, J being in 
this cose the shadows of the circular points at in&nity. 

The argument may be also thus stated. The two lines 

(« ±yi'»0) 

are common tangents to the curve, and to the imagiuai^ sphere (dr^+y*+s’«B0) at 
their point of contact of a high order; their intersection is consequently a quadruple, 
or, if real values alone ore considored, a double focus, and might m a mumple focus 
of a higher order. 

5. On equihfurmonio or neutral cubics with double foci The cusps are collinear, 
and in this ease S, an invariant of ihe cubic equation, wO 

(4 cos* A—3)a*+2(cos A+3 COB B cos Cd-2 cos A cos* 0)K+sm< 0«i0, 

Thi fare two possiUe or coificidejit or iiupoadble cases, according to the value of 
the parameter. 



TRANSACTiONS OF TBI SECTIONS, 


21 


The two Talnes coincide if 


ein'* C(4 cos^ A—3)tt3(co8 A4-3co8BeoaO+2 coa A coa^C)®, 
or 

(cot B+3 coH rt cot f^) (cot B+coa rt cot C) +3 sin^ 0 = 0, 
the biangular equation to a conic. 

That \sf tlic locuft of tho double focua w hon the cusps oro collinenr, or the boiuid- 
lUfif cur\e^ on either side of which equiharmonic values tire or are not possible, is a 
Bpberical ellipse, whoae cyclic arcs, real or imaguiery, are perpendicular to the lino 
connecting iue single focus and satellite 
In piano the bounding line is thus denoted *— 

cot BH-3 cot 0=0, or cos C =a — ^ 

The double focus is in a line, which cuts orthogonally the connector of the single 
focus nud tho natellitc. 

0. On harmonic oiibica \MtIi <Ioublc foci 
Tho lUA anaulT=0 

co^ A (0— '^cos® V)k’’ +J {(1—4 cos® A—Ocos® B+Bcoh- (' — Scok*' A (C 
— BJcosAco<»BcosO}«®-h3Hin'’ 0 (cos \q~3coaBco^r + 2 coh A coh® G)jc-f- sm” C=tO* 


For even position of the foci and satellito there is at least one value of the para¬ 
meter wnich vieldfl a harmonic cubic. 

7. On the uiscnminant of tho cubic. 

Equate « to zero in the point-equation (§ 3), besides tho point of contact 
(/3—ifyecsO), three tangential puiuts are determined by tho aggregate *— 

*ry(/9®-f 2/3ycos A+y®)—/3(/3® sin’B+S^ysinBeinCcosa+y sin® C) 


Since the anharmomc ratio of the lines connecting tho tangential points depends 
T® 

upon tho function C4-r.~, tlic lUbcriminant of tho ternary cubic is simply found 


from this binary cubic :— 

{Oic sin® B 4- (2jc cos A - sin® C) (it—2 sin B sin C cos o)} * 

4-4{3 sin® B(2#c cos A —sin*C)-|-(ic—2 8inBBmC cos ti)®} 

X { 3it(ic—2 8111B sin C cos a) —(2ic 00"^ A - sin® 0 f } =0, 

8. By dualiBing, tliis investigation is equally nppUcablS to order-cubics with 
double cyclic arcs and double foci. 


JieMnmi of Researclien on the Inverse Problems of Momenta of Ineiba and of 
Moimnts of Eet\sku\€e, By Professor Giuseppe Juno {Milan). 

In tho study of the resistance of materials nu I the stability of constnichons, tho 
two following problems <?ontmually present themsch cs — 

I. To construct a plane figure (for example, tlic crOss-eeclion of a cylinder loaded , 
in a given manner) of which we may suppogc given tlio orientation, the fonn, tho 
centre of gravity, and also the moment of inertia witli respect to a given neutral 
axis. 

IL To construct a piano section, givoi tho onontation, the form, the centre of 
gravity, and also the moment offcmtance * with iexpect to a given neutral axis 

* Xf 8 is an element of a plane (matmu F, and y be the dutauoe of the baryoeiilre of < 
f^Kim aa axis s measured in the direction X (X being a straight Imo making any an^e wiUi 
the Bids Jr), then the moment of inertia of F with respect to j m the dirccfJoivX is 
tho X extending over the oont^ur of F. 

If, beside^ v is the distance (measured parallel to X) of the barveentre O of F from the 
iangent to F parallel to x and furthest removed from 0, then ifio moniont of restsUnce 

of F with respect to a baiycentno axis jr, in the direction X, is defined to be the ratio * 

tn fBdt, If wo multiply (his ratio by s certidn eonntout wc have the ordinarj moment of 
resistance of the section F, 



ftBToaT—1876, 


d2 


These two problems have recently engaged my attention. 

It IS well luiown that engineers resolve these questions bv tentative methods 
which sometimes require long calculations, and which besuUs are incapable of 
performance when the section is quite irregular; and this is wfcy it is necessary to 
hx types (such as a Zorte iron, T’^S 2 C’h, Ac ) which, being decouipO'jnble into parts 
whoso moments ol inertia or moments of resistance can be iloferuuntKl analytically, 
are calculable 

By the simple and uniform graphical method which 1 have proposed, we can 
treat in the wirae manner ns the simple soctiona (triangles, rectangles, &c) the most 
complicated forms (such os n Zor^w iron or even figures with arbitrary and irregular 
contours, whose equations would not admit of evnrossion), so thatj m order to 
render possible the solution of tliose important problems, we need Bocnlice nothing, 
either nrom the economical or the lesthetic point of view. 

I. Lot F bo the unknown figure that we wish to construct, J its moment of 
inertia in a diirction X with respect to a gnou ban centric axis r *, F' a figure 
homothetical to F, O its centre of graiitv, and ;r' a straight line portdlel to ,r and 
passing through O' 

l>t, besides, K be the (unknown) radius of gyration of F, in tbe direction X with 
respect to jr, so that J=3X*F, and let J' and be analogous quantities to J and A, 
relating to F' 

Fmally, lot us suppose two orthogonal axes «, to drawn anywhere, on which we 
have respectuely the segments UA = \VA»3l, A being the point of intersection of 
u and fc. 

Solution . (d) We find directly J' the moment of luertia of F’, either by tbe inte- 
gromotor or graphical (e.g. by Oulmanus) method. 

(6) On the axis u take two segments AB, AB' respectuely proportional to J and 
J', and describe two semicircles on the diameters UB, UIV wnicn intercept on tbe 
axis of w the segments AC, AO' rcspi'ctnelv proportional to and \/J', and two 
semicircles upon the diameters WO, WO' which intercept upon « the two segments 
AD and AD' respectively proportional to and 

(c) From O' draw a straight line x* parallel to i, and take upon d and x the 
segments O'X', OX respectively equal or proportional to AD' and AD, so that X is 
with respect to O on the same side ns X' with respect to O' Draw the straight 
lines 0 O" and X X’ meeting at the point S 

(d) Finally, transform the figure F into the homothetioal figure F, taking S as 
centre of simibtudo, that is to say, draw through S a senes of linos cutting the 
contour of F m tlie points M', and the correapondina; points M of the required con¬ 
tour F are formed b> constructing the intersections of the radii SM' with tlie straight 
lines OM parallel to O'M' 

This figure F is evidently the section required, that is to say, a figure which has 
given the centre of gravity, the onentation, the form, and also Uie moment of inertia, 
jn the direction X, with respect to r, cquw to the given quantity J, In fact the 
ratio of similitude of the two figures F and F’ is bb^J • • 

Note I, When J' has been found, we can calculate directly the number 


i/ (j) «#*; 

and then we should tolcc O'X’ upon a' arbitrarily, and on OX we should take 
OX«=; 4 . (yX '; we should then continue tbe procedure as above. 

J^oU 3 If tbe poaition of x and the magnitude of J are sot given absolutely, f. c. 
if the inverse pro mem is to be resolved several times supposing x and J successively 
variable, and if for the determination of J' (see (a)) we employ the graphics 
method, it is convenient to use the central ellipse of F . 

On this point, and for more details, see three notes that 1 have published in 
vol. U, of the ‘Eendiconti dell* Istituto Lombardo/ 1870, or my memoir, ^^SOl 

' 8 We may restrict ourselves to consider tiie axes wbioli puss through tbe centre of 
frmty O of F, on account of the well-known relation between the momenta of iaartia 
which have reference to these axes, and those which have reference to any parallel sas*. 
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proUema InTarso del momenti d’lnenia ” in voL xxiv. of the ^ Politeonico, Oior- 
nai« deli' Inge^ere architetto civile ed induetriale' (Milano, 1870), which contains 
two lithographic tables, and, as an appendix, a comparison oetween the numerical 
and the graphical calculation of a Zoms iron. 

IL Retaining the same notation as before, let R be the given moment of resist¬ 
ance of F in the direction X with respect to a given ban'ceutnc axis r, t, e. let 

J X* 

R» -stF, r, where m - is the rmlins (or arm) of resistance of F with respect to 
7 in the direction X 

Jjet R' and r' be analogous quantities to R and r for iheiigute F' 

Soiviion. Find directly U' (for example, by Col maim V graphical method), 
determine, either graphically or by a numerical calculation, the ratio 

V ^» 

draw through O' a straight hue r* parallel to r, take on i' any segment O'X' and 
on X a segment OX*i/i O'X' so that X is with re‘»pect to O on the same side as 
X' with respect to O'; and draw the straight lines OO' sud XX cutting ono another 
in S. 

'Then transform the dguro P into the homothetical figure F, taking S as centre 
of similitude (see above) This figure F is evidently the requirtni section, that is 
to say, a figure which has the given barycentre, orientation, and form, and also the 
moment of resistance in the direction X with respect to the avis r =: tne given mo¬ 
ment R. 

For further details see the notes already cited in the * Rendiconii dclV Istituto 
Lombardo,' 1870, and also the memoir Sui probloma inverso dei momenti di re- 
sistenza,' which will appear m tlio 'Politecnuo, Oiomale doll’ Ingpgnere arch. ciT, 
ed industr.' (Milano, 1870). 


of Msssardies upon ike Graphical Bejfreseniation of ike Momenti of 
EesUtance of Plane Figures. By Professor Gutseppb Jung (Mi fan). 

Oontinuing the investigation upon the moments of resistance of a mven plane 
figure F, I have communicated to the Istituto Lombardo * some results which I 
have obtained, and of which I here give a short account. 

1. Reimning the same notation as in the last paper, I have given several gra¬ 
phical method for calculating the radii of resistant r in an arbitrary direction X 
todj consequently, the corresponding momenta of inertia R«F.r) of tho figure 
F vnth regard to any barycentrio axis ar, and I have found Bovcral representative 
ewrves, vi*. in this sense that these curves have for radii vectoivis the radu of reris- 
tance r. So that, having given an axis x and one of the ropreseutativ© curves 
(which I shovr how to construct), we have the correapondmg moment of resistance 
by multiplying by the area F of tne section a certain radius \ ector of the ropreseu- 
tadve curve. 

It is remarkable that when tlie direction X is coujugata to tho direction of the 
given axis x (i e. that when tho diameter of the central ellipse of F parallel to X Is 
conjugate to the diameter one of the representative curves is tho central nucleus 
(Oentealkem) t of the figure F, and we have the following theorem *— 

• See *B«ndioonti dell' Tstitulbi Lombardo,’ ler 2, t ix 187(^, No xv. “Rapproeea^ 
tfttkml graSohe dei momenti reeittenti dt una lexione pmna.” No xn ** Com^mento 
«Ua note preoedenie.” 

t Peidiape it will be useful to recall bore rapidly some notions which are, however, wett 
tenowa (see, for example, my memoir ** Bui momenti d’lnersia ” in Uie * Kendiconti deli* 
Mtuto Lombardo,’ 1876). 

In the plum of F to every straight line, considered as a neutral axi», corresponds a point 
X Whkdi Ui the centre of the pressure# (tensions) or the centre of tho second decree or the 
point of ap^ioation of the resultant of the normal forces acting on the section F. This 
point X li alen called the antipole of the straight line x , and the straight line x is the 
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7 y^e radius of resistance mt/t respect to a hat^ccnti'%0 in the dictum of the 
cmifugate diameterf is equal to the snudlei of the two radix vtctorcs of the central 
nucleus situated on the latter diameter 

We thus 600 th\t the omtrnl nuclein sUnds in nearly the eame rdatioii to 
the radii of resisttinco that tho central ellipse does to the radii of (fvrftUon of the 
figure F. In fact tlie dilToronce coiiaiste chiefly lu thin, that each of the radii 
'lectoi'es of the ellipsj situated on the diameter y is equal to the rndma of gyration 
of F with regard to the conjugate diameter a?, wlulo in general one only (the 
smaller) of the two i.idii Aoctoroa of the nuelous situated upon y is equal to the 
iiidius of rcsislauee of F 'vs ith regard to the conjugate diameter x 

2. Suppose that F i^j^ cioss-seclion of a cylinder upon which are acting forces 
situated in a plane passing through its axis^ the intersection of this plane with the 
plane of F is tlio rwis of sotUcitativn of the section F, and the straight line which 
passes through lU haiycentre and is conjugate to the axis of solhcitation is the 
neutral barj^eentne axis This being pnmused, f show that 

The moment of rea^dance ukh ic^wet to a hanfCvuUu axis Xy in the conjugate 
fhiectioH Yf is equal to the lemdance specif c* to the coheium icith icsjicct to the 
fexui € 1 elativehf to the a i is tf sollicituUon y 

From which follows a theorem giving the law of vauation of the specific rosist- 
uuce of F, when the axis of sollieitntion turns round its centre of gravity, vi* — 
The ceutial nutUv^ of a given section u the curve of tnisiumes sjwci/h to the cohc~ 
S10U With respect to the ftetwe A radius of the miclrm (the smalle) of the two 
Situated on the haiyceut) ic axis conmleted) multiphed by the atea F gives the specif c 
lesistance icith resiicet to its directiony eoundiTvd as axis of solhciUittoiu 

tl Taking stiU the barj centre of F as polo and for radii \ ectores segments pro¬ 
portional to the mnxima t specific losistonces of the section with respect to the 
flexure and corresponding to each axis ot sollicitation, 1 find the remarkable 
theorem •— 

77ie curve of munna f eststances ofTtsafi ansfoniiation by i c( ija ocal radii 
(the inverse t) o/* the cential nudeits of the section A ladtus vectm ofihu inverse 

CHivCy midtiplied by p gives the specific viaximim resutance of F reaped to Ui 

dheciiony eonsideicd as avis of solhcittxUon 
4 Two other theorems are connected with a note of Ritter, ^^Ueber eine neue 
Festigkoitsfomior* (seethe ^Cmhngonieur/ 1876, ITeft m , iv.) , The more im¬ 
portant 18 that whicli gives a simple solution of the following question —Given 
the point of applkatiou of the resultant of the forces which act normally on the 
section F and also the central nucleus, but not the central ellipse, of F, find the 
neutral axis corresponding to this point. 

If G is the centre of gravity of JF, C the point of application (in the plane of F) 


nntipolor of the point X If in any one given direction d i8 the dintanoe of tbo centre 
of gravity of F from the straight line x, and k is the radius of gyration of F with mpert 
to the bnrycentnc axis parallel to .r, the distance, measured parallel to A, of the stnught 

line X from it* antipole = d-^^ If a straight lino y passes through X, it^ antipole y lies 

upon X The point X, which ii the antiwlo of the straight line r m this reoiprooal system 
(ftutipolnr Bjetem), is also (hr pole, m l*oncelot’i» sense, with respect to the central i^pN 
of F, of the straight line x* which is sjTnmotncul to x with reupwit to Iho point O (bftiy- 
centre of F and centre of its centra) ellipse) 

If a variable straight line cn^e!opa tho cor tour of F without cutting it, its anbpole 
X describes a olrwed curve wlmh is the central nucleus (Ccntralkem) of the flgiiro P (see 
Calmann,' Rio graphisehe Statik/ 2vyCi edition, t i Abschnttt, Zurich, 1875). 

* It ifl the moment of resistance of the section tor which, the axis offtolHciUbon of the 
forces being given, the unit of tension (or of pressure) is produced in the most distant 
fibre of the neutral axn upon the unit of area of this fibre 
t That is, the niOMinum unit tenaons (or pressure) on the hypothetis tlmt the raoment 
c' exterior forces which produces (be flexure m the sections of tlio ovlinder is ->1, 
t See, for example, Hirst, ** Inversione quadratica’* (*Annah di l^obsmatioa,* Boroa, 
Isl sr^iet) ; Rarbo ;x,' Sut tme olssw remwqnaWe de oourbes et de surfaces fi3g6briqiie^' 
Pan , 1878, 
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of tKo resultant of the forces which act normiillr uponF, O' the ^int in which 00 
IS mot by the (unknown) neutml axi& A and il the points in which OC meets the 
contour of the central nucleus. A' and jy the points in wliicli GO meets respectiTely 
the antipolars of A and B tnen this last theorem can be enunciated thus. 

The poitU C' i« cot^fUffate to 0 «» t?ie tmolatmi AA', BB'. 

ConsequentU, if 0 is ffivon, we ha\e C'linearly, and we confttnict the neutral 
axis by ^^win^? through C' a ntruight line parallel to the conjugate direction of OC, 


On a new Oonsirnction fov the Central Nucleus of a Plane Section 
By Professor Ghtseppe Juno {Mdmi), 

I have the honour to communicate to Section A a new and \ery easy method of 
representing the radii of gyration of a gi\en plane (hgure F), which appears to be 
more simple than the known methods of Poinsot, Reye, and Mohr, 

From this representation I deduce a new conatructiou for the central nucleus of 
r, independent of that of the central ellipse of the hgure. This 1 regard as inter¬ 
esting, because of the impoitance of the central nucleus in the study ol the fllabilltv 
of constructions, on account of lU nunarlmble proporticwnitli regaid to the moment 
of resistance of the section &c, (Boe Culmauu, * Dio graphisi he Statik/ and the 
niomoirs of which a reaumi has just been given ) 

1 Let 0 bo the eenire of gravity of F. AA and BB its pimciple a\es of inerliR, 

< c, the axes <»f the central ellipse K of F, f and (upon A A) the two foei of E , 
C the circle which has for diameter the major axis A A llien tin utdxm i f fftfca¬ 
tion of F (in the noi^nal direction), with itspiU to any baiycent) ic axis x, ts the aeg- 
fiietU of the prri}€ndtcular dt€ttvn to x from one of the pointa f f' includei 

hfdween the avia x and the circle 0 In fact the cade 0 is the locu^j of the test of 
the perpendiculars lot fall from the foci//' upon the tangents to tlio eUipsc E 

Thus the circle C ropreaeuia the radii of gyiation of F fin the normal ilirf'otion) 
with respect to all the barvceutric axes. It irom M we oraw iho straight hue m 
paralld to of, the segment NN' of any straight line X, included Ixjtweou i and m, w 
cH^ual to the radius of gyration with respect to r m the arbitraly direction X , that 
is to say, if we take the auglo Xt=s90—«, we have the radius of gj ration, m the 

direction X, We can dispense with the perpendiculars It is sulli- 

cient to construct, besides the circle 0, the circle r on O/ns diameter * if x moots 
the circle r m the point M. and M/ be drawn cutting tho circle 0 in the point M', 
the s^mont MM' will be tlio required radius of gyration. 

2 Let G bo a circle passing through O, and of arbitrary radius t» If though the 
points A we draw Wo poraluds to BB, and through the points B two parallels to 
AAj'ihe diagonals of the rcctauglo so provluced meet U m two pom's a and o', and 
the straight hnos A A, BB meet the same cucle in ^ and 3' U t IT be tho point 
of intersection of the chords a a! and 3 3'. 

By means of tha point U toe consti'uct the haiyccntnc axis y, coiyngaic to arty gnen 
barycmtrtc <i.iw x. It is only necessary to observe that if x cuts O in the point X, 
ftfld XU cuts G m the point the straight line OU is the axis y requirod. This 

ia fact, merely the construction for the radius y conjugate to a? in tho involution 
of the Etaraight lines 0(A B. a ; but these latter are two pairs of conjugate dia- 
of the central ellipse of F, whence &c. 

3. Oohstruction for the central nucleus Draw any suitable number of straight 
Unes envelopiiig tho contour of F without cutting it. liOt I be one of theso lines, 
a tangent which does not cut elsewhere the contour of F (unless it be convex). 
■' " ‘ ‘ ... . . . , - erpoudicular to/, 

:tlvel3^ With 
distance MK' 



• These anbpolars are tangents to tho contour of F and parallel to tlie oonjiigaio direr* 
tten of 00; txm wo know that the beryoentr© 0 is situated on oodi of the finite segments 

jUWBF. 

t Wo gdght take G cofneidont with T; then 3 coincides with/and 3* wuh O, and U 
»tho pbiiit of intersection of #m»' and AA*. 

isfsr 8 
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(wrftdiufl of gyration, normal with respect to a ; see No. 1), and through K' draw 
the peroondicular to K'V meeting MM^m the point K. The straight ane passing 
through K and parallel to I cuts the axis y. conjugate to a? («se the construction 
for it in No 2), fu the point L, antipole of /•; consequently L is a point on the 
central nucleus. 


Cenirouh^ and then Apidication to some Methamcal Problems. 
By Professor A. B. W KENxnnr 


Elementary Demonstration of a Fundamental Principle of the Theory of 
Functions. By Paul Mansion, Professor in the University of Ghent, 

M. Thomae Abnas einer Theori© der coinplexen Functionen/ 2** Auflage, Halle, 
1873, pp 11-13^ first demonstrated rigorously the theoiem that funrljon y*iFjr, 
■whose differential coefficient, both in the positive and in the negative direction, is 
zero foi every ^alue of r, from Xj, to X, la couatant in this intervaL'* This important 
proposition can be demonstrated in an elementary manner by the following method, 
whuh seems ca^mblo also of other applications 

I, If the differential coefficient of a fimctioii y =b Fr in the positive direction ia 
the same as in the negative direction, this differential coefficient is equal, for a 

system of values (a:, y), to the limit of the ratio a?, and oc^ converging 

1 j — aTj 

towards the udrrmediatr value x. 

In fact, by h^^potboais, 

■ • Fx,-Fx=(r,-*)(y'+.,), 

Fa,-F«*(.ar,-af)(y +»,), 

fi and being infinitely small. Consequently 


ix-JL 


and, c, and f, being multiplied by proper fractions, sinco » is intermediate to 


and w. 


r —-r ^ 


n. Let . ar»-t, X be increasing values of a:, to which correspond the 

values yo, y,,... yn-n Y of the function ym7x. 


We have 


Jry?« (vy ( ya-yi) 




It results from this equatiem that ^ — 7 ^ has a >alue intermediate to the greatest 
and least of the ratios unless they are all equal. Thus.—CThZsw all the 

are equal tn the mterval (x^, X), there is at least one of them greater than and 


one of them less than 


IIL If the dtJferentuU ai^ients of a funcHon vaTx are the same in the poeiiire 
dwection as tn the negattve dtreeUon, from to X, then eilhsf all them ^ermtkd 

* In fret if OLasy meets / in L', and if ^ is the rsdmi of gyration with respect to sr hi 

the oosjugats direotion y, we have, by oonsiruotion, L'L«L'0+^, tmt the disUitoe, In 

ihe direotion y, of the straight Ime / from its antipole has exactly Uus value (see note to 
my * BtmnU of Besearohes upon the Qraphioa] Bepresentation ’ &e ), therefore L Is 
antipole of L 
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art equal, or there it at leaet one of them greater than and one lete than 

flubdivide the interval X—into n parte: the ^ corresponding to one of thenii 

tj— 1 ; will he greater than 3—^ (No» II ), Operate in the saino manner with 
A.—JJq 

Xi—and «o on We shall thus have an indefinitely increasing senes of 
Y—V 

greater than “ (No. II.), and having for limit the differential coefficient y' of 
Tx for a certain value of a? (No. I ) There is, then, a differential coefficient 

Y_V 

greater than In the same way we can show that there is one smaller. Wa 

A— tg 

must, however, except the case of ^ constant, which arises when 

IV. 1/ iha differmtuil coefficient of a function, mppoecd the Bamc i» iAe po^Uw€ 
and t\eg<jdivc directions, ts equal to a constant a, from i ^ to the function w hnear 
amd of the form a.r4-&. 

Necessarily, x and .r, being any two values included in the internal (Xg, X), 

y:=^^a, 

x—x, 

whatever r and Xj may ho For, ware it otherwiee, there would be between i and 
*2 a ditlerential coefficient gieater thou «, and one smaller than «. Thus:— 

Cw o^lary .—If rt bbO, y » constant. Q E.D. 


On Convevgmts, By Thomas Mr zb, M,A,g F,jR,SeEe 

In Lagrange’s additions to Euler’s Algebra (2nd Eng od. voL ii. p, 276), he seta 
himeelf the problem,— A fraction expressed hy a great nuniher of figures hetng yiven, 
to find aU the fraettms, tn less tennis, which approach so near the truth that U ts fm- 
jpossi^ff to approach nearer without employmg greater ones , and lor solution he gives 
in effect the following rule •— Trans/onn ihe given fraction into a continued fraction 
with mii numerators and positive integral partial denominators, and ihe so~cducd con- 
vergmU of this continued jractum wiU 6 c the fractions required. In this he is in error, 
the fractions found being some of ihe fractions required, but not all. Thus, taking 
ir as the given fractional form, he transforms it into 

5+7+16+ If... 

the so-called oonvergents of which are t> y» ^7 ^ • * • * > and in regard to them 

he saysSo that we may be assured that the fraction j approaches nearer tiie 
truth than any other fraction whose denominator is less than 7, also the fracdon 
■y approaches nearer the tnith than any other fraction whose denominator is less 
than 106; and so of others ” 

Tha statement here made in reference to | is easily seen to be incorrect hy coni' 

psiiOg the difiwence of \ from ir with that of 77 p of 17 the former being, of 

comsi a4159 ..., and the three latter *10840 . .., *05840 .. ., *02507 ... j and 
the hicomctDCBs extends to what is said of the other cemvergents. The true SOlU'- 

t&oaUss in ihe foot that not only is 8 one of the required fraction, but so also 

3* 
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«ro34-J,'J+J 3+j «heio tho d<.nommator we begin with w ^/<n/« 

fh m the half of 7 nimilftrlv timt before come to 


we have 


i + 


1 1 
"^ + 15 


*■*■ 7 + 8 ’ 
*■*■ 7 + 0 ’ 
^+7 +To 


aad »o on W lien niwa * paitml denominatoi occurs, wo tnke aa the partial deno¬ 
minator to b ^in with, oithor it*^ half or tlio first integer greater than its half accor¬ 
ding as the partial denominator followuig is greater or kss than that preceding, or 
the'W being equal, according iw the ne\t following is less or greater than the next 
preceding, and so on 

Another impro\emeul, though \erbd is nnputaiit, \\z in regard to th( t^jrm 
cinietgentj tlio present definition of wlncli seems arbitral v and unuasouablt With 
great con^omence il ma> bo define I f 11 nys — A comt^rf^ttU of n fiacttwial 
inmther ts a fa i\ n uhich a clout appt t the guen nttytilei than ang 

other ft action icith a smallo ilenoimnaior so that Lagiaugc s problem is simplj io 
aU the cinitrgenfn <f on\f ft action 


On tle ReJat on letaeen Uco coniinned 1 (tctxon 1 xptmi ns fn Series 
Bg Tjiomas Mriu, MAy FH h 


On the the of Ijtgenhe^s %d foi 0 th thttin/ the Ft et Flhj>tic Tnierfial 
By Professor T W ^bwman 

Denoting th tiist elliptic integial by l(c, w) and taking x such that a: J ir 
■=F(r, cd) I (c Ihi n, in I ogituigo s scale, from ©we deduce su cnssively 
0 ). Oj bv a giA ui law, w ith the aid ot c c, previously detemiinod from c 
Tnen i ih tfie limit to which ©,2 2 ^o>j 2 coinirge If ns mode¬ 

rately small, the conaorgonco is lapid But if w very near to 1, it may be ex¬ 
po hen t to remorse the diieclnn of tno now amplitudes and moduli, m/ to calculate 
f backwards c, c , 0 s to maJ o c , r c c c^, a serits continued by a 

singlo law, nud einularly fiom © calculate backwaids ©, © ,© Then©, 

« ,© are pioied t x c merge to a fixed limit © and 1 (c ©) F(6,4ir)=aiNap 
Jog tau (i © ) ^TT riio fumtionI\ap log tan (^TT+J © ) maohes but a single 
ckment « and was cakulatod by I egtndre (hukimonu has since published a tar 
aniplei tible In piachcn the hnut © ih quickly reached often it suffices to make 
© SEM, at worst © =w Ihus fir very laigo values of r* Lsgrargo a scale prac¬ 
tically suffices, presuming lliai we have at hand tables of P(c, Jtt) and F(ft, Jtt) 

But I egendre, who dist »aei da new scale after completing his principal calcu 
tetions, regarded his new snlo as having much odiantnge in finding rfr, ©) al 
once rapidly and accuralolj In it i is the limit of ©, 5 * o),, "1 *©j, 3 **©3 , ri d 

the coii\ergtnce, goneially excellent m T agroni^ 8 scale, is far more rapid in 
l^endre s In Logratigi s scale the lelation of «, to © is tan (©,—w)mi tan «. 
The relation in I^egendro s scale is to the eye as simple, x iz tnu ^ — ©)=A tan ©, 

but in the constant 1 ^*® value of ^ n detornnned by the equa¬ 

tion b (c )3)«ifF(c, iir) A pnctioal difficulty arose in the % cry considerable trouble 
Meded to obtain A for ita logioithm) numerically when c was given 
mowed bow /3 was ootainablo from c the cubic equation ansing can be solved bj 
a mere extraction of the cube-root, but there aro also two quadratics mvolnng twd 
ertrachons of the aquare-root Then from /3 we have to calculate V(l—c* 
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aud find its logaiithm btfoie chu proceed to dedme coj fiom w All tiitb4 
operations liax e to be repeated to find firom «i, wt must fiist find Cj^ fiom 
and that la still more aiduoiia 


Hut wiien Avo assume p, =iB’ 


1 (/>, Jtt) 
1* (C, in-)’ 


HS ai^uitnt, ail is j<ibatly simplified 


The relation ot r, tj. c^, tj m Lagiangos scale coiiesuouds with p, 2pf 2^^^ 
, and in Le(?endre s stale with p, Ip, i p, i p , winch m\ohc no trouble lu 
<«lculatmg ?s ) doubt we nted tabus (ot single oniiy aud easily compiled) to yield 
Cfd when p is gi\en, and p when c* is given l^csunung these, wo may treat i and 
a>) as funelions of p and &>, aftei ivhieh tho dilficuitita of the constant multi¬ 
plier A vanish, and Legendre s scale becomes pracln al to us 

Denote — lop A, * « — log ^(1—c** sm for the moment, by <f>(p) (here the 

common log is intcndt d), tlu n, among the imuieious senes ^^bleh evpieiss functions 
of the amplitude w m terms of x and p, the author sebets (uitb X for Napier a log) 


- ]X (1 —c' sin •’o)) = 


1 —co3 2i . 11 —cosilo? . 11—co^lOi , p 

_ -L 

Bin 2p ^1 mu Op 6 sin lOp 


A\bue amp is wiitteu foi <“*^) By by potbesis, 1 (c,/3) = : 5 l (i, jtr), hence 

when ojaa^, x^^TTf and wo got, willing cosec p f )i tho leciprical >L win p, J4>{p) 
=M{ co« 4 ec 2pH-} cosec 10p-|-^coH6cl4p-bjb cohoc 22p-t“ile }, M b mg the mo¬ 
dulus of the common logwithnis 

\89ummg that wo ba^e a table of 4 >(p) thou given p and w we ha\o tho cfiualion 
log tan 0 ))= log tan o>~^(p) to find Wj, log tan ;J(o)^—ci>jl=loglau wi—<®(3p) 

to find o)j 1 )g' tan ^(<*> 3 —ft>j)=log tan 'Ifi p) to find <u , ana so on Tim 
approximation is suflitient wlun 4*(3‘p) is negligible, aud this result is obtained 
NO rapidl>, that m tlu extreme c'^so of p=i ^=^3 is c >ricet i) ten dedinolfl 
To bring the method to a prnetical liiil tic autln r has (ckulaled to twelve 
decimals a aloletm table of ^(p) for p = 0 j, 0 7 OH (M ad lioiu pa:l 
to ps» 14 1 at lutennlH ol 0 1 Ihe table is gi\eu in t)ic pajur a id also e\ani 
pies of tho method The pi icess also by 'ahich tlu tiblo 'a as coustrueted, with 
tlio aid of tables of cosoe p and previously cnlciiUtod by tho author, is ex¬ 
plained 


Qemtal Theorems ielaUn<f to CloBed Cidvcs Bt/ Professor P t> Tait* 

The closed ciines contemplated are supposed to have nothing higher thou double 
points By infmitesimal changes of position of the biancliea inteisectiug in it, a 
triple point is decomposed into throe dt iiblc pomts, a quadruple point into six, and 

generally an j:plo point into double points (1) ^ closed curve cuts any 

X A 

lafinite unbiolted line in an even numbei of puinlft [inhnite heie implies luoreh 
that both ends are outaide tho closed cmve] \2) Iho same is tiue it tho lino bo 
knotted (3^ If any two closed curves cut one anothei, Iheic is an even uumbei 
of points of intersection (4) In going continuously along a ebsed eur\e from u 
point of intersection to tho same point ogam an e\en uumbex of intoisections is 
paseed (5) Hence m going rouna such a closed curie wo ma> go alUmatcly 
above and below tho branches as we meet them (0) liv (3) the same proposition 
is true of a complex amugemeut of any mimber of separate closed cunes super¬ 
posed in any manner (7) In panbing Aom the interior of any one cell to that of 
any other—m any svsUra of superposed closed curves—the number of crossing* is 
always even or always odd, wb itover path we take (8) Iltuco the cells may be 
coloured black and white m euch a u av that from white to white there is always 
aa aren number of crossings, and from wbite to black an odd number Such closed 
cUtrea therefore divido the plane as nodal lines do a Tibrating ]>1 de 
Tlw above are the enunefatoon* of the jaroposmons proved in the paper, wktfh, 
yfim fte neceiMury figure* &c, will be found printed \n evUnm in the * Mesflenger 
of Mathomatica,’ vol vi., January 1877, 
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Ort a TJ^oretif^ xn the Menmration of certain filolxde* 
Bxj Professor Jakxs Thombob. 


On Bivxsion-^remainders in Arithmetic, By W. H. Walknit, 

The author referred to a series of papers of his on unitatlon recently published 
in the ' Philosophical Magazine/ and to some remarks published in the nnt. Assoc, 
volume for 1570 H x divided by d lea\e roraoinder y, then the author calls y the 
unitate of x to the base d, and writes Ujar=y The results of unitation may be 
conveniently applied to the vonfication of many numerical operations. The method 
of unitation is practically equivalent to the theory of congruencies, ^ iz the equa¬ 
tion Vgxtsy would be written x -y (mod d) , and many of the results ore iden¬ 
tical with those given by Gauss. 


On Many-valued Functions, By M, M. U, Wilkinson, M,A, 


Gekbeal Physics, <fco. 

On the Transfommtion of Gravity, By Jahbs CaoUi, 


On the Influence of the Residual Oas on the Movement of the liadiomeier* 
By William Crookes, F,B,S, 

The author s recent experiments show that the movement of this instrument is 
not due to a direct repulsion exerted by light on the vanes, but to a mutual action 
called out between these vanes and the > ery attenuated gas remaining in the instru¬ 
ment It 18 well known that, with a moderately good vacuum, the motion becomes 
more rapid as the exhaustion proceeds, but he has recently succeeded in producing 
such a complete exhaustion that he not only reaches the point of maximum effect 
but goes so for beyond it that the effect nearly ceases. The vacuum is measured by 
means of a special apparatus, m which a moving plate, mstead of continuously rota¬ 
ting in one direction, as in the ordinary radiometer, is suspended by a glass iibre, 
which it twists in opposite directions alternately The movement is started by 
rotating the whole apparatus through a small angle, and the observation consists in 
noting the successive amplitudes of vibration when the instrument is left to itself, 
a mirror and spot of light being employed for this purpose. The amplitudes fona 
a decreamng senes, with a regular logarithmic decrement The logarithmic decre¬ 
ment is nearly constant up to the point at which the vacuum is apparently equal to 
a TorriceUian vacuum, the mercury m the gauge standing at the same height as a 
barometric column beside it, but as the e^austion proceeds beyond this point, the 
logarithmic decrement becomes smaller—in other words, the amplitude diminishes 
less rapidly. By plotting the observ'ations and supposing the curve continued, it is 
indicated that^ if a perfect vacuum were attained, and tne glass fibre had no visco¬ 
sity, the logontbmic decrement would be zero, we should have perpetual motion 
with constant amplitude, whilst, at the same time, the radiometer would cease to 
act. Oth^ gases as well as air have been tried. Aqueous vapour is very unfavour¬ 
able to the action of the radiometer; hydrogen, on the contraxy, gives the beet 
neult of oil. Several experiments have been already describea, i^ich seem to 
point to the true explanation of the action of the radiometer; but the author thinks 
Mr. Stoney’s explanation the clearest. According to this, the repnhdon Is dne to 
the internal movements of the molecules of the residual gas. When the mean 
' t length of path between successive coUi^ns of the moleetues is small eompated 
wita the dimensions of the vessel, the molecnles* rounding from the bei^ nr- 
faos, and therefore moving with on extra velocltj, help to keep back the more 

» Printed m extenso in the Phil. Hag. 1876, ii p, 241, 
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slowly movkig molecules which are advancing towards the heated surface; it thus 
happens that though the individual kicks against the heated surface are increased 
in stren^h in consequence of the heatings yet the number of molecules struck is 
diminished m the same proportion, so that there is equilibrium on the two sides of 
the disk, even though tno temperatures of tho faces are unequal But when the 
eschaustion is carried to so high a ^mt that the molecules are sufficiently few, aud 
the mean length of path between their successive collisions is comparable with the 
dimensions oi the vessel, the swiftly moving, rebounding moloculos spend their 
force, in part or in whole, on the sides of tho vessel, and the onward crowding, 
more slowly moving molecules are not kept back as before, so that the number 
which strike the warmer faeo approaches to, and in the limit equals, the number 
which strike the back, cooler face, and as tho individual impacts ore stronger on 
the warmer than on tlie cooler face, pressure is produced, causing tho warmer face 
to retreat* 


MechftHKyd Theoiuj of the Soatityj of Ihnls. Bfj W. Feoitdb, 


On the Passufje of Fluids ihroxnjh OapiUary aiu^ other Tubes, 
By Professor F. GnxHBin mid Dr, F. Gothrlb, 


On the Modification of the Motion of Waves produced by Fluid Friction, 
Ihj Prof. J. PuRSiB. 


On the Forces experienced ly a Ixtmttia iminersed obltptdy in a Fluid 
By Lord H^yllioh, F.li B.-f 


On the llcmianci encountered by Vortex Emgs, and the Rdaiion between the 
Vortex Bing and Streamlines of a Dish By Prof Osdornb Betwoliw. 


Description of the Bathometer, By Dr. C. W, Sihmens, F,RS, 


On the Amplitude of Waves of Light and Heat, 
By G, Johnstone Stokey, F,R S, 


On Aooustio Analoyim to Motions in the Molecules of Oases, 
By Q, Johns roNE Htonet, F,R,S 


Experimental Illusirailon of the Origin of Windings of Rivers in Alluvial 
Plains, By Professor Jakes Thokbok, LL,D,y D,Sc, 

The author referred to a corhniunication which be had made to tho Royal Society 
in the month of May last J, in which he had given a new theory of the flow of 
water round bends in rivers cmd round bonds in pipes, and he^ exnlaioed^the 
rwieoxi why, In alluvial plains, the bends of rivers go on increasing by the wearing 
away af the outer bank, and the deposition of mud, sand, and gravel on the inner 

* For fhrtlier reMsrohes on this sulneci, see papers read before the Boyal fiktsMy, 
November 16,1876, and on April 26, 1877- 
t Frixrted %n urtsaeo in the Phil. Mag. 1876, p. 430 
J Proo. Boy. Soc. vol xxv, p 6. 
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bank. The theoretical \ ie>v which he bad then oBeied, ho now, for the Hret time, 
bad vended hy practical exi>onment ; and thia expenment he showed in the 
mooting. The "chief ]^int of Uie new view now experimentally proved was that 
the water m turning tho bend exerts centiifugnl force, but that a thin lamina of the 
water at bottom, or in cIoho proximity to the bed of the liver, is rotaided by fnction 
with the riier-]>ed, and so ext lU le'-s centnliigal force than do like portiouri of the 
great body ot the vvaltr tlovvmg ovcr it iii less close proximity to the rner-bed. 
(lonsequGutly the bottom laver flows inwurd obliquely acioss the channel towaids 
the inner bonk, and rises up in its retarded condition laitvvceu tiio inner bank and 
the lapidly tiowing vvatei, and protects the inner bank fiom the scour, and bungs 
with it sand and othei detritus trom the bottom, which it deposits idong tlie imioi 
bank. The apparatus showed a small river, about 8 inches wide oud an inch or two 
deep, flowing round a bend, and exhibiting very completely tlie phenoniena which 
had been anticipated. 


Oil J^etne Units of Foixr, Enfnjy^ ami Power^ larysr thin those on the CVnti- 
metre-Grant^^ecomi System, By JiMKfl 1'uomson, LL Z)., F 

Professor of (Jivxl Emjineering and Meihamc^ in the UniveisUtj of Glasgow, 

The author premises tliat under the excellent method of Gauss for establishing 
units of force, a unit of force is taken os being the force which, if applied to a unit 
t)f mass for a unit of lime, will impait to it a unit of velocity. In tJio system 
ahead} adopted by the jhilnh Association Committee on Dynamical and Elcttucal 
Cmts (lint A^isoe Kepoit, pait i. 1873, page 222), the Centimelre, the Giam 
and the Htcond vv< ro taken os the units of length, of mass, and of time , and ibo 
unit of force thence derived imdi i the method of Gauea was called the Dyne 
Tlmt force is \civ small, quite loo small for convenient uee in all ordinaiy 
mcchomcal or engineering invostigations It is about equal to the gravity of a 
luiJligrnm mass, and that force is so siuall that it cannot bo felt when applied to 
the hand. Tliat system, designated as the Conlimetre-Gmm-S* cond Rjstom, 
recommended by the Committee of tho Bntish Association, and described full}, 
with many applications, m a book since published by Di Kverott, who was 
Secretary to the Committee, is well suited for many dynamical and electrical 
purposes , and u ought certainly to be mAiiitaiued for use in all cases m which it 
IS conv^enicnt But the object of the present paper u to recommend tho employ¬ 
ment also of two other systtmis which are in perfect harmony witli it, and to 
prf^oso names for tho units of force under these two systems 
In one of these systems, tho DecimeU'e, the Kilogram, and the Second are tho 
units adopted for length, mass, and time ; and thus tho system comes to be called 
ihe Deciuiotre-Kilogram-Second B}8tem. 

In the other, tho Metre, the Tonne t, and the Second are adopted as tho units of 
length, mass, and time, and thus the system comes to be called the Metre-Tonne- 
Second System 

It IS to"bo paiticuloi'ly observed that all the three s} stems here referred to aio 
frajued po os to attain the condition, very important for convenience, that tho 
unit of mass adopted is tlio mass of a unit volume of wfiler, and that, therefore, 
for ov erv MubstADCo the sm cific gravity and the density, oi mass per unit of volume, 
are made to be nunimcatly tho same. 

In tho Decimetre-Kilogram-Second System, the unit of force derived by the 
method of Gauss is 10,000 Dynes, or is about cqu'il to the gravity of 10 Grams, 
It IS impossible, or almost so, to work practically with any such system without 
liaving a name for the unit of force. Ine unit of force in this system is such that 
a human hair is well suited for bearing it as a pull, with ample.allowance of extra 


^ The spelling Gram, instead of Gramme, for tlio Engluh word is adopted in^lho 
“^nt paper in accordance with the spelling put forward in the Metric Weight* and 
IotSi** which Icgalizca the me of the Metric System m Great Ihntaia and 

Tonne la the mass or quantity of matter ooutainod m a cubic metre of water, and 
laoe, <eerly the same as the Bntish Ton. 
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strength for safety against breakage; and the author proposes to call it the Vi maly 
from the Latm crtnis and cnnahs. 

In the Metre-Tonne-ftecond Ryatem the unit of force, likewit^e donvedby the 
Uauseian method, is 10,000 Cnnals, or 100,000,000 Dynes, or xs about equal to tlu’ 
gravity of 2 cwt, or of *** would be propeily borne as a pull 

by a Jnodmteh-mzed rope, and the eutUor piopo'^ts to tau it the J’l/no/, from 
the Latinand/wna/fff 

Then wo hu>e One Tlorpe-P<iwer, of lilbOOO foot-pounds per inmule, about equal 
to 75,000 Decimetre-Ciirmls per wMjond, and tho florse-Powor is also about eftual 
to *76 of a Metic-Funftl per setoud. 

Also 1 Metro-Fimal = 100,000 Domnctie-Cimals, 

s= 10,000,000,000 Gciitimctic-D^nes, or Eigs, 

= 10'Ergs 

jVIso 1 Horse-Power is about = 7,600,000,000 (‘eutmiotie-DjTioa per second, 
or as the same may bo wutten 76 x 10® Oentnuetro-Dynes per second 

Tho number 7,600,000,000, for expiossing n Tluiso-Pow(.x under tho (Jentnuotie- 
Gmni-Rocond Sy stem, is un cxccedtugly uumanageable one , end it gues a vor) 
deciBivo indication Ibat tho (?ontimetic and Giain aio too sniidl to be suitable ns 
fundamental uniU of lonj^th and of muss tor oidinan cngiueoiuig purpo^tM, and 
that there is great mul loi llio establishment of h\ stems baMug laigei unit'", ^uch 
ns thopo which hn\e been ret omniended in the jfresent paper, and foi an Inch a con- 
Aenicnt nonienclatuio bna Ixw olltaed. 

It is to bo obsi'Tved that the proNision made by Ibo Britihb Association Com- 
nnttee, in the Deport already rcftiicd to, of a inulliph^ of the Dyne, auch as tbc 
MagHdyne, or million of Dynes, ns a larger unit of Ion o, docs not accomphfch all 
that is to bo desired, because vaiioiis important ieimiila®, or cou\eniont moLhods 
of statement, will not hold good wdien on^ of ibo units me so dcn\ed Time, for 
instanco, if tue Mogadyno be the unit of torce, while the (ham mid Btrond aio the 
units of moss and tune, tho ordinary foiniulna lor giving the so-callcd contnfugal 
force ” of a revolving mass, 

Fa= andrs>nau'i, 
f ^ 

will not hold good, and, aa another iiietance, wo may notice that the propositiou 
that, in respect to a jot of water, tho reaction force on the vefrscl is equal uumeri- 
cedly to tho momculum g( neraled per second, will nut hold good , and numberless 
other instances might readily be citod, but those gi\ eu may suffice. 


On tJie Pvecemoml Motion of a Liquid, B]} Sir W. Tuomson, F,li,}S, 

The formulas expn»88ing this motion were hiiefly explained, but the analytical 
ireatmeut of them wag reserved for a paper On the Nutation of a Bolid Shell 
containing Liquid Tho chief obiect of the present communication was to illus¬ 
trate experimentally a conclusion iiom this theory which has been announced by , 
the author in his opening address to the Section, to the eticct that, if the period of 
the precopsipn of an oblate spheroulal rigid shell full of liquid is a much greater 
multiple of the lotational period of tiie liquid than any diameter of the vphoroid is 
of the diflercuce between the greatest and least diameters, tho piecessional effijct 
of 4 given couple acting on the shell la npuroMmately tho same oa if the whole 

a a solid rotating with the same rotational velocity. The experiment consisted 
oNving a liquid gyrostat, iif which an oblate spheroid of thin sheet-copper 
filled with water*was substituted for the solid fiy-wheel of the ordinary gA ro^t. 

In instrument actually exhibited tho equatonal diameter of tho liquid shell 
exceeded the polar axis by about one tenth of either. 

Supposing tho rotational speed to be thirty turns per second, the effect of any 
which, if acting on a rotating solid of the same mass and dimeueions, woulll 
ptodooe a precession having its period a considerable multiple of ^ of a second, 
mufty aecording to theory, produce very approximately the samo precession in the 
tm ftbell filled with liquid as iu the rotating solid- Accordin^y the main pre- 
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ceseional phenomena of the liquid gyrostat wore not noticeably difierent from those 
of ordinary solid gyrostats, wnich were shown in action for the Sato of corapariBon, 
It 16 probable that careful observation without meaeurement might show very sen¬ 
sible dUlerencca between the performances of the bquid and the solid gyrostat in 
the way of nutational tronioi's produced by striking the case of the instrument 
with the fiat. 

No attempt at measuremont either of speeds or forces was included in the com¬ 
munication, und tho author merely ehow^ the liquid girostst as a wugh general 
illustration, which he hoped niiglit bo regarded as an inU'resting illustration of that 
\ery interesting result of mathematical hydrolauoUcs, the quasi-ngidity produced 
in a fuclmnlcss liquid by rotation 

P S.—Ninco the communicalion of this paper to tho Association, and the de¬ 
livery of mv t)penin|j addie‘-s which preceded it on the samo Jay, I have received 
from Prof Henry No 1240 of tho * omillisonian Contributions to Knowledge/ of 
date October 187J, entitled Problems of Uotatory Motion preseutiHi by the Gyro¬ 
scope, tho Prt»cession of the Eq^uinoxes, and the Pendulum/'^by Hre>ct-^l*yor Gen 
J. G Barnard, College of Kiij^oers, U S.A., in which I llnd a dissent ftom tho 
portion of my previously published statementa which 1 had taken the occasion of 
my address to correct, expitisaed in the following tenns — 

I do not concur with Sir William Thomson m the opmiona quoted in note, 

§ . 38, from Thomson and Tint, and expressed in his letter to Mr G Poulett 
crope (* Nature,’ Feb 1, 1872), so far as regards fluidity or imperfect ngidity, 
within an mhnitcly rigid envelope, I do not think the rate of precession would be 
aftccted.” 

Elsewhere m tho samo paper (feu Barnard speaks of the practical rigidity con¬ 
ferred by rotation.” Thus he has anticipated my correction of tho statements con¬ 
tained in my paper on the ngnhlv of tho earth, so far as regards the effect of inte¬ 
rior fluidity on the precopsional mulKin of a peifectly rigid oliipsoidal shell lUled 
with fluid 

I regret to see that the oth(^r error of that ^mpov w'hicU I corrected in my opening 
address hod not boon correctcxl by Gen Barnard, and that the plausible reasoning 
which had led mo to it had aNo Hoemed to liim convincing For m}Helf I con only 
say that I took the v(‘ry earliest opportunity to con-oct tho errors after I found them 
to be enors, and that 1 deeply regret any miachiof they may have done m the mean 
lime. 

Addendum, 

Solid and Limiul OytOHiaU —The solid gyiostat Las been regularly shown for 
many years in the natural philosophy class of tho Unnorsity of Glasgow as a me¬ 
chanical illustration of tho dynamics of rotating solids, and it has also Doen exhibi¬ 
ted in London and Edinburgh at conversaziones of the Royal Societies and of the 
Society of Telegraph l^^inginoera, but no account of it has yet been published The 
following is a bruu descnptiou of it. 

The solid gyrostat oouhisIs essentially of a massive fly-wheel, possefising great 
moment of inertia, pivoted on tho two ends of its axis in bearings attached to an 
outer case which completely encloses xt. Fig 1 represents a section by a plane 
through tho axis of the fly-wheel, and lig 2 a section by a plane at right angfea to 
the axis and cutting through the case just aKive the fly-wncel. The contfuning- 
ense iH fitted with a thin projecting edge in the piano of tho fly-wheel, which is 
called tho boaring-edgo lU boundary forms a regular curvilinear polygon of six¬ 
teen sides with its centre at the centre of the fly-wheel. Each aide of the polygon 
is a small arc of a circle of radius greater than the distance of the corners from the 
centre The friction of tho fly-wheel would, if the bearing-e<^0 were oircultf, 
cause the case to roll along it like a hoop; and it is to prevent tnis effect that the 
curved polygonal form described above and represented in tho drawing is given to 
the bearing-odge. ^ 

To spin the solid gyrostat a piece of stout cord about forty feet longand a place 
where a clear run of about (X) feet can be obtained are convenient The gyioftai 
having been pieced with the axis of its fly-wheel vertical, the cord !• PMwd ill 
through an aperture in the case two and a half times round the bobbin-shaped 
part of the shaft and out agidn at an aperture on the opposite side. Having tafcM 
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caio that ibo alack tord js placed clear of all obstacles, and that it la fiec tiojn kinks, 
the operator hoUla the gyrostat steady, so that its case la prevented from turmng 
'nhile au assjalaut pulls the cord through by running, at a graduallv increasing pace, 
away fiom the inatnimout, while holding the end of the cord m nia hand S\d!i- 
cient lenHion is appbed to the entering cord to present it from slipping round on 
the shaft In this way a very grtat angular velocity la comnuinicaUKl to the 11}- 
wheel, Buffu icnt, iud( cd lo ketp it spinning for upwards of t ut^ minutes 

If, wlu 11 tho gyro^itat has ]>o n spun it bo set on its bearing edge with the centre 
of gravity c\a tiv <.\ i the anng po nt n a snioith h )ii/ )nl il piano bucIi as a 
piece of plait glass hing mi a table, it viill continue appaitntly Htationary and lu 
stable ( [iiihbuum Tt v\Inh it is in Ihia p isition a (ouple i )uml a h ii7 mtal a\is 
m the plan >f lli 11}-win 1 b ajpini t) the wheel, no d flecli n t tins pi tin 
fiom the vtUiciil is pudiic d, but it rotalts slowl} round a vcitu \1 ims If a 
Inavv blow with th > hst b given to the side of the caae, it is ni t by what seems 
lo tJie Htns( s the wsistanc* ot a veiy atiU elastic body, and, for a few stcoiids aftci 
the blow, tliL gMostiit is in a state ut violent trtiuor, which, bowcvci, subsides 
rapidly Va tlio lotatioii il vcl >citv giudually diniimshea, the lapiditvof the tremois 
produced by the blow also diminiahefl It i8 very curious to notice the tottenng 
conditi in, and si j\v, scciumglv palsied tremulousm ss of the gjrostat when tho fly¬ 
wheel has nearl) ccaacd to spin 

In tho liq^uid g-ynatafc the fl}-wheel is replaced by an oblate spheroid, madt of 
thm shect-iopper and tilled with vvatei The cllipticitv ( f this shill m Iho in- 
etniment cxhioited is ^—that is lo sa>, the equatorial Aiainotcr exrtcds tho iu>lar 
hy that fiaction of cUn< r It is pvvoh d on tin two cuds ol its polar axis in bear¬ 
ings hxed in a circular ring of bnujs suirounding the spbuoi 1 ihis circle of brn^s 
18 ngidly connected with tho cuned polvgonal bearing edge whuh lies in tlie 
equalonal plane of the instiument, thus foimiiig a framewoik f i the support of 
tho spheroidal shell In fig 3 a section is represented thiuu^h the polai a us to 
show the elhpticity, and 1 a vuw of the gyiostat as Mcn lioui a point in 
tho prolongation of tho avis To pi event accident to thi. slull when the guostat 
falls dow u at tlu rud f its spin cagi baxs are titled loun I it in «iu h a w ay that no 
plane can touch iho ahtll 

Iho method of spinning tho hq|^uid gyrostat is similar to that descubed for the 
solid g}Tostat, difi nng only m tlio use of a verj much lougtr coid and of a laigo 
wheel foi tlie puiqmse of palling it Ihe coid is first w mnd on a bobbin free tv 
rotate round a lived pm Jho end of it is then passed two and a half tim s rouud 
a little pulley, and thence to a point m the circumferouco of a laige wheel to 
which it IS fived An assistant then turns tho wheel with gradually} incioasmg 
velocity, while the frame of tho gyrostat is firmly held, and the requisite tonsum 
applied to the inteung cord to prevent it fiom slipping rouud the pulley 


Secular Illustration of thr Laws of ihe Diffusion of Liqu ids 
By feir W TnoMsoK, BO L ^ FES 


On a neu case of In^iahihitf of Steadtf MoUo 
By Sir W Ihomson, DOL.FKS 


On the Nutation of a Sohd Shell containing Liquid 
By Hir AV Tuomsoj?, D C L ^ FR S 
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rhtt uittiiL Mca^u tmtnis of tlie Mu picio elcctnc Lufhi 
Ihf Cu])t‘iiii i /f s 


Diiu'mxnaiwn nj- ih^ ( ondndiitttf of lit at hy Watet By T I Botiomlm 


Oil th lefytinfs q/ /aije Obfutiieb 
By Hovaud CtRUUU, Manta of t a ftueei mjy Tunity Colh ji, Dahlia 

In tht ttHliiig oflaigc objt-ctiMs '^vlnn thccoucctn ns havo bLenmnilc to bo \li\ 
lit nil^ perfect a diiliculty is aouKtiuiLB lelt in dctennining \Nhrtt, if an}, corr* ctn iis 
remain dt sirable, and als ) of dtleimining in aainipU wn} tin am uutof tho dtsucd 
a]tt tution 

lor the cliioniuliL abeuati n om plan ottcn puis ed bi tlicopticiin is ti aligbth 
oveicuirect Iht t bj ctiM. in tli fnst instance hihI tlicn t) sipnalt llie Lro\\u and 
dint (thus iclu mg tin c ii rli u) until tho bt t i ult is ttaincd, ’when tlio 
amount 1 sop ii iti n itqiiuL I bt comes b\ a simple calLiilation a mcaeuic of tho 
luceseaiy alttratnu in tin cunts 

This IS nil txti mtU usi fill pr ftual arrnngtnunl hut unfirtunntol} it is appli¬ 
cable to oiih < ne >f the f >Ui jos^Jiblo orrois, bosjdt s l>nng lioublost nn and iiic- 
ivliat dangoious in tlie cast f largi objeciuts 

riio dtsirability of some simple plan of intioducing a small + or 

— etioct of cbiountio oi spliLiical aueriatioii and f being ablo to accmattl} esti¬ 
mate tht qunntit} of siuh 1ms bitn \tiy appinnt to me on soicial occa luus, for 
I ha\L frcfpui Uv loimd tin btst judges of such matt rs difitr in thoir cstimntt of 
hnal coucctnu, and unable to agiet iht it on and 1 lia\e also often found a difii- 
(ultyin satisAiug mjsell tJiat the bt&t balance of collections liad been attained, 
whtit irt if it wdo possible to introduco a small amount, pro ianport^ of -t- oi — 
coirectim, T could at onct lia\e |ercei\td when 1 had oxoishot tho maik Tn 
fact the perfection of any conoction in an objectuo means tho beat balance he-- 
tucin itio (ppomiy ufec/rn^oiM, and (ilist os in all cases of iiscertaiuing balances) 
it IS diflicull t) determino tho neutral point unless theio bo tho pOTver of trying on 
both hidt s 

lo eiktt till<4, in piepjujng for the tiial of the great objrctno for tlie now Obsei- 
latoiy at ^ u nnii (ot 27 inches apcrtuie) I am const lucting 1 mr lenats oi combina¬ 
tion of louses capable ot being mounted bcl^etn the objt,rtnt and oculai uud with 
a conwdcnible rmge of motiou m the avis ot tho tdescopo - 

V 'While it efleels no other coiroction introduces a small amount of -j- 
ehroiuotic aberration 

B bimiluU intrexluccs a small amount f f - (hi malic ib irjliun 
C , u + spherical aberration 

I) j ,, — spheiical abination 

The fimount of any abonation intioduced can bo regulated l)y tl e position of the 
collecting It ns in tho pencil of ia>« 

\ou, kno-vMiig tho ( nsliuttion of tluse eombiuuti us and tlieii position m tho 
pent il of rays from ohjeetno to ih ulur, the coiiosponding ee>rrt ction iii tho objcctno 
is on easily calculable quantity Quito apart hum the use to tho optician 1 beliovo 
the comfort of these apphaucts will be much appreciated b\ those appointed aa 
judges, particularly where, as m the case of the \ienna telescope, the testing of tho 
objective forma part of the work of a Coiuimttoo composed of a < onsiderable number 
of ’Members 

I havo already experimented m this direction sufllcionilv to convince myaolf of 
tho great value of this system so far as the conectiou foi chiomatio aberration is 



TRANS\rTIOK 6 OP THE SECTIONS. 


37 


concerned, but f ha^o nut in o\peiiiii<mteJ on (Ik* ^pbeiicftl ab *i rat ion, noi nm 
I so flanj(Uine of i(s succos** 

There sooum another duection in which a pop'iible advantage might be gnmud 
by UHo of these coiTocting combinations, viz in the case of minute stars whose 
light 18 made up for a gTeet part of rays from either end of the sptttivm, luoie 
particularly the blue enu It seems highly probable that belter dchiiilion ot tliese 
stars could be obtained if a slight temporaiy adjustment could bo made m the 
chromatic correction suitable for that particular part of th(* ftpoctruin from which 
the predominant light of the stars proceeds. 

Or course it is to be understood that the corrections here spoken of and proposed 
to be dealt with their correcting lens(‘s are only the verj final ones—m fact, when 
the ohjcctho nrriies at that degree of perfection in which it is almost impossible 
to eav whether any improiemenl can bo cjrocted or not 


Oil 7fcr Hi Tuipi ovenH'nfs ni /Ctprafoi laJ 
By llois utD (iudTiH, oj Kiujimenny^ Tnmty CoJlaje^ Vuhhu. 

The author iMfcried to foiinei p ipeis icad h^ him at llo'Brighton and Belfast 
^footings ol the Associulion on the same 'Oihj) (t, and piooei*ded to chnenbo— 

1st A UK thod ot tom cnieutlj n uliiig (he K V ciich’ fn>m the e}c-«nd of (ho 
telc'icopo. 

2nd A new niinple but (‘llectue aunngement for hIow moliou in B V 
llrd. A now and \cry imich iniproicd foiin of clamping aiiangennMt for both 
polar and dcohuation avos 

4tli. And a new metliod of contiolliug the uniform motion driMng-clock of the 
telescopes fioin an oidinaiy ‘'uhNenl clo(k by an electric cuirtmt trail'-nut ted once a 
second from the sidcnMl dock, 1>\ which arrungenient the duviiig-clork can ho 
kept going ooutimioiisly .Mth .ul the possibility of accuTUulation of circus hejond a 
small fraction ot a second 


0/1 a Method of Phoioipaphavj the Deficit ui Optical Ohfs? fiOhi vHmt 

of [fomoycii^tfy By How lui) OuuDn, Mastn of Eoyniccnny, Ttioily 
College, Dnhlui. 

The best praclual method used for detecting in disks of optical ghtss defects 
arising from want of lioinogeneU} is probably well known to many aiualcurs as well 
ns to professional optu urns 

The disk of glft'JS hi he evainincd *<hould bo either Jl <clf polished to a comer form, 
or, if that he not coinonient, it should be placed in ju\tapo^iti(>n A.ith a I'lece of 
glass wduch is known to bo peife tand of such form as wjllTY^ndei tho combinadon 
of tho two of convex pow'U A small hglit (**jy^ gu''- or oaiidle-fiame, ur nuv suf¬ 
ficiently biiUiaul light with a small diapliuigm in fioiit, see lig 1) is placed ul some 

Fig 1, 


little distance, and the eyo ii placed in the conjugati* f-n'us forniod by tho leus of 
this light. The disk of ghs8 slioald then apjioar biilliantly dlumin'ited, but if 
the pupil of the eyo is driwu slightly to one side, so that llic pencil of hglit falls 
nnon only one half of the pupil, mime Uately and most distinctly almost any want 
of homogeueitv is easily pcen. 
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1 say <dmod any want of homo^jreneity,” becauw, with one exception, I believe 
any kind can be detected, but I have met, 'very rarely, inatancea of one peculiar 
clafls of this defect winch it is not possible to detect till the disk is actually worked 
into an objective this happetis when a slight ^dual change of density occuis be¬ 
tween two portions of the uiak ^Mth no abrupt line of separation bttwtt^ 

Now this proct though a very simple one to a practim d eyt, is W no means so 
to an uneducated c ne , and i hai e often dosned a method by which I could graphi- 
eaily rcpiosent those faults so that 1 might be able to communicate to others my 
ideas as to thoir exact forms and appearance, position in the disk, and so forth, and 
also to form a record of them This, by a^eiy simple contrivance I havesucoeedt d 
iti doing, and I am now able to photograph these defects in optical glass with per- 
tect certainty 

A glance at the diagram will suffice to show tlio principle by which this is 
efTtfCtcd 

rig 


The eye in the first instance (that of e>e observation, hg 1) is replaced m the 
second case (hg 2) by a photo-coinoia, and, with a little care in adjusting the 
image of diaphragm illuminated by a lamp on the diaphragm of photo-lens, verj 
evcellent photographs can be obtained In fact tho stop of the lens replaces the pupil 
of the eye, tho photo-lms the crystalline kn<» and the smsihzod plate the retina 
1 ho defects arising from want of homogi ncity m optical glass may be divided 
into three classes — 

1 1 breads, or fine seams of some different quality of glass passing through the 
otherwise h >nngeneous disk, soraetimts insigriihcant, sometimes long, but very 
rarely of any 'wTdth Ibesc are of but littk importance 

2 Veins, or syrupy bands These aie poiturns of glass of differing and various 
densities not properly amalgamattd togetlier 1 heir appearance is that produced 
by adding a strong sy rup solution to water 1 he forms oi these v oins are sometimes 
\trw fantastic 

This form of defict is ry dotnraenlal to tho proper perfoimancos of iho glass 
'Ird Sometimes, but veiy rarely (only four times in mv experience), have I mot 
with disks of glass having a density slightly different m dilkrent parts, without any 
well-defined line of demaicatiou between the different parts This is most destruc¬ 
tive to its performance as an objective, and a m )8t dangerous fault, for whereas in 
tho two former cases the defects can be easily detected and even photographed, this 
thud defect defies detection until the disks lie formed into an objective 
It is fortunate for opticians that this lost defect is of such rare occurrence 
The extreme usefulness of this simple device for photographing the defects in 
optical gloss 18 self evident 

In the first place, faults can be delected by those wh< se eyes have not been suf¬ 
ficiently educated to ptreuve them by the old method, an cord can bo made of 
any lemaihable defects, their appeaiance and form enn bt graphically repre¬ 
sented and described, and, lastly, it can be ascertained by this process whether the 
veins an closei to one or other surfaces and are capable of being removed by grind¬ 
ing, a point which w very difficult indeed to ascertain otherwise This lost infor¬ 
mation IS obtained by photograplung the faults and then grinding oft a small quan¬ 
tity, and rophotographing and comparing the photographs to see if any ports nave 
disappeorea Many other useful purposes seem to be too self-evident to require 
mentioning 
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On ilu Decrease of Temperature wxth ffcight on (he Eft) fit's Surface 
By Professor Hpnhksst, F ii S 

If the air were perftctly still, tiie kmptraturt at any point in tia ulmoepheit 
\\ould depend ou its density, the heat ab^ibcd him the solar the heat rb 
tamed by convection from tho earth, and tla 1 is«(s of heat by radutiou 
01 these tho first has been almost oxflusively considered I ins is espedaily s'> 
m all investigations for the ftsctrlainuitnt ol In i^hts by tin baroim td 1 ho p\ilu 
eiou of tho other causes of taiiiti m of tcuipcuituie with height mnv he adi iiKsibl 
in considering tho eonditi m of a \< rtiuil column of an lonting on a h in/ utal plane, 
but the problem aSBiuncs a very dilkrent charach r whtn the decrease of tempt la- 
tare with height along a very pnuhinlly sloping supfiue is considertd '5iuh n 
surface is constantly cimmumciiting its temperaturR by eimt tiou emunfs to tli 
overlying air, and tlu t mpdiitm ut Ibis an vmII dtptml n the extent fnm and 
phi fliciil pnpertits )t Iho un(hil)ing suifaii It vve Hupi h a ilnt pi iin m the 
levLl of tho 6ta, an oh orver in a balloon at a lieight f f PKK} ittt ivould find tlu 
temperature almost iinafii t ltd by com tUon and dt pen h ut np n dtnsit^ It n )\\ 
asttep inouulam IS Hupirimjosf d m tho plnn and iiaching lu Ilu (1> iv r tin 
conditions become alteu d It a mountam ot a giadiial si >po b supenmp sod tin 
alteration will bo still grtaler, and it thi entire plain w le ekiutid np to lOOh 
feet so as to foim nn exteiisno tableland, Iht chnn^o i f c mehlions would bo vei} 
remarkable 

It follows that the law of vanatim of tempeiatnu vyitli height above tho Icvd 
of the sea ctvnnot bo consuloitd as imifoim Thi dLCiuu^o is most rapid in going 
up through a icrtical (.uluiim of air, os in hall mn nscttils It is *^101161 along 
mountain sides, and dowtst along giadiially si iping plains oi tablelands 
1 rom an i vaminati )U of tho rtcoids of many oust ivations it appiara that the 
decrease of tenipeiatnio in hallo m aacenta i« neail^ one df I aar< nheit for KK) 
feet, while foi tablulaiids it is so slow as from "iJO to 800 Iti t tor out degiee 

The aulhoi reterred to a number 1 1 observaUous mad m chlUicnt countries con¬ 
firming tho general concluaions to which he has been led 


On the Bist) thution of Temperature o\ er the Jh itmh hlands 
By Professor Htnitfsby, FES 

The author referred to hia former resonrehoB on tho distribution of temperature 
over islands surrounded by lu at-bearing currents and his demonstration that many 
of the isolhennol Imes in such islands must necessaiilv he closed curves* Ue had 
onjyinal^ illustrated his conclusions by the lesulU of observations taken m the 
British Islands, and tho leothermal lines laid down from such observations were 
found to be m peitect harmony with the law he had proved In order to render 
this manifest he tabulated together the temperature of each, stating its latitude, 
longitude, height above the seo, and horizontal distance from llio martst sea coast 
The actual temperature of any place is afiected by all of these plcnients In laving 
down the isothermal linos tho actual temperaturea unaUertd by any ao-collod cor¬ 
rection for height were always employed The stationsv\irp airangc I accoiding to 
temperature, and thus isothermal gioups were immediateh di covf led If the more 
recent collection of temperature usuits for tin British Isloa compih d by Mr Buchan 
In the Journal of tho Scottish Mytcorological Society be luated in tins way aud tho 
arbitrary and erroneous addition ot P per every JOO feet in height bo omitted, hia 
results will conform to the iuw enunciated by the author 

* See Bnt Assoo Rep 1857 pt 2 p JO Atlantis, i 18.)8 np Phil Mag 

xn 1858, p 241, Royed Society Proo ix p 324 * On the J awB which reguluto tho 

Distribution of l^tbermal Linos Atlantis, ii p 201 American Journal of Stieuce, xivii 
p 828 Copies of the temperature maps ore also partly reproduced m Report of Horti 
cultural Congress at London ui 18(1(1 Journal o( tho K Dubhn Society vot for 1870-71 
Report of the Commission on Oyster Fishense, 1871 
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tVtr ! ? IZ^roJi'U' }^tij(ii<jf‘ctphi<£uc Cti Astron'ynifv ct <!?i 3iolo^te 

J]^/ })v J.J4J^8SJ-V, 

Photfj^ntpht/i fin Pit<imife de Vrnns ti Kohr, By J)r J. Jans^kn, 

Hnr h Mnnye en Mer By Dr. J Jan^stn 

On y^olav Phoioymphijj w}{h Vifnence io tlic llisio^^y of iJit ^htr Surface, 
Jhf Dr J. JANBSKN. 


On the of the l^un observed ui ISuan ui 1877). 

7iV Dr J.J\Ns<^TN. 


0\\ liutnttoii of tht Phine of }*oJtuxzfi(ion by Kejlectxon ftom a MctfjactiC Pole, 
By JuRx Ktiuv, Lft D y Mntlu tuaUf^ d LulmCi of iiu Lute ChiLch Prainittg 
VoUcye^ Qla^yow*^ 

In tlieso cvpcTimcutT h beam nt lij'lit im pubuiml by a firpL NiC()I, rpllected regu¬ 
larly from the ond ol nn (dnctiomognolic coro of soft iron, and anah/ed hy a second 
jVk-oI Tiio magnetic force concentrated inton«ely uj)On the mirror by means of 
a ma^sno yvodge of toft non, mHuU is sopaiiited fiom i1 by a naiTOW chink. Thft 
light IS incident luiou the polar mirror ut an angle of 00'^ to K)\ tho plane of 
pobtn/ftliun coincides -with tno piano of iiKidLiico, and the two NicoIr are exactly 
crossed, 80 that tho icflncted liglit is extingnishod by the necoud Nicol, 

Fird Bxpe) iment, —Inm Ibo iron mnror is intensely raagnetued as N. pole or 
S pole, tho light IS distinctly rcstoicd from pure oximttion, to disappear at once 
>vhen tho circuit of tlie magnetising current is broken 
Second Exiitj iment —The first Nicol is turned from ita initial position thiough 
an cxtronioly Rmall angle—(1) to the right, (2) to the loft (fium tlio point of inci¬ 
dence on the iron niuTor as ptnut of\K'w), so that tho i(‘lif*ctt3d light is restored 
\ery fiimtly through the second Nicol When tho mirror bocomes an intense S. 
pob^, the elPccls of loUtions (I) and { 2 } are strengthoned and \\ eakened rospccfivoly; 
on the contrary, when tin iniiTor Ijocomos an intense N pole, the effects of rota- 
lions (1) and (i) are 3\eakened nnd strengthened rtisjiectiven 

Xn the two ronuiiuing experiments the optical eiliHits of the preceding rolaiiouft 
(i) and (2) and of nmgneti/ations S and N of the mirror are compensated sepa- 
rati'ly J’lio coinpen>alnr is a slip uf plato-glnss, held in a standanl position between 
the minor and the second Nicul nnd strained by tlui Jmnds The angle of incidence 
18 about irp 

Third Expenment —The first Nicol is turned fiom its initial position through an 
extremely nmall angle—(1) to the right, (2) to tho leit, so that tho light is faintly 
restored from extinction by l]i(‘ -ccond NTcol The c/let ts of displacement (1) 
and (2) are compensated, dox\ u to pure cxtimlion, by leiiHion and compreBSion 
respectively 

Femrth Expounent —A repelinon of the first, with addition of the compensator 
The effects of magnetizations S’, and N ot the mirror aiv compensated^ down to 
pine extinction, by tension and compression respectively 

Tlia caso of perpondicular incidence was tried cnrcfullv, but ga\c no good effect, 
the arrangements being comparatively imperfect From the facts obserxed, it fol¬ 
lows evidently that when a beam of plan© polan/ed light us leHected from a mag¬ 
netic pole, tho piano of polarization is turned m the procesfl of reflexion—to tho 
1 yt by a south-seeking polo, to tho nght by a north-seeking pole, so tliat in this 

* A full recount of this iiiyo*‘Mgntion is given in tho Phil Mag , May 1877 
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case of reflection fh>m iron^ os in most cases of transmiRsion through salts of iron, 
the plane of polarisation is turned in a direction contrary to that of the magne- 
tiEing current. 

A Deicrtjytion of ^poitUwoodc's Pocket Polarizing Appaiai^f^ By W. Lvni*. 

On a Phenom€7ion of Metalhc PefUctxoiu By ProfesHOi (i. (.i Sroa^is, 

The phenomenon which I am about to describe >\aM ob-M^rved ly mo umiiy yefti9 
ago, and may not improbably ha\e beim seen by others?, hut ns I ha^p neiei otu 
any notice of it, and it la m some ruapecta very remaikable, I think that a deaciip- 
tion of it >m11 not ho unacceptable 

When Newton’s rings are formed between a lens and a plato of metal, and are 
viewed by light polariyod perpendicularly to the plane of incidence, \so know 
that, as Ine angle of uicidenco is increased, tlie rings, ^\hlch nre at first dark- 
centred, disappear on iwissing Iho polari7ing angle of the gloss, and then n^appenr 
white-centred, in which stato they remain i<j> to a grazing incidence, when they can 
no longer be followed At a high incidence tho first cinilc iing is much the most 
conspicuous of the series 

To follow the nngs beyond the limit of total inteiniil icflection v,e must employ 
a prism When the rings formed between glass mid glass aic Mewed in tins way, 
we know that as the onglo of incidenco is increased the rings one by one open out, 
iiintiug with bonds of the same respective oi-deib 'v%hich are seen bencoth the limit 
of total internal reflection , the limit or boundary between total and partial reflection 
posses down beneath tho point of contact, and the contml dark spot is left isolated 
in a bright field 

Now when the nngs are formed between a piism with a slightly coincx base 
and a plate of siher, and the angle of incidence is incitiawd so ns to pass the cu- 
ticol angle, if common bght be used, in lieu of a simple spot ha^e n iing, whieh 
becomes more conspicuous at a certain ai^le of incidence well beyond the cntical 
angle, after which it rapidly contmeta and passes into a spot 

As thus viewed the nng le, however, somewhat confused. To study the pheno¬ 
menon in its purity we must employ polarized light, or, which is more con\enieut, 
analyze tho reflected light by means of a NicoTs pnsm 

when viewed by bght polarized in the plane of incidence, the rings show nothing 
remarkable. They are naturally weaker than with glass, as the interfering streams 
are so unequal in intensity. They 01*6 black-centred throughout, and, as vnth glass, 
they open out one after another on approaching the limit of total leflectiou and 
disappear, leaiing the central spot isolated in the bright field beyond tho bnut 
The ^ot appears to be notably smaller than with glass undiT like conditions. 

With light polanxcd perpendicularly to tho piano of incidence, tho nngs pass 
from dark-centred to bn^t-centred on passing the polanzing angle of the glass, 
and open out as they approach the limit of total reflection The hwt dark nng to 
disappear is not, however, tho first, but the second. The first, coiTesponding in 
order to the first bright nng within tho polanzmg angle of tho glass remains i-^o- 
lated in the bnght field, enclosing a relatively, though not absoluteh, bright spot. 
At the centre of the spot the glass and metal are in optical contact, and tho reflection 
takes place accordingly and is not total The dark nn^, too, is not absolutely 
black. As the angle of internal incidence increases by a few degrees, Iho dark nng 
undergoes a rapid and remarkable chango. Its intensity increases till (m the cose 
of j^ver) the rjn^ becomes sensibly black; then it rapidly contracts, squeezing out, 
aa it were, the bnght central spot, and forming itself a dark spot, larger than with 
gloss, isolated in the bright field hen at its be<it it is distinctly seen to be 
fringed with colour, Wuo outside, red inside (especially the former), snowing that 
the scale of the nng depends on the wave-length, being greater for the less refran¬ 
gible colours. This rapid tUteration taking place well bo}ond the critical angle is 
very remarkable. Clearly there is a rapid cnange In the reflective properties of tho 
motal, which fakes place, so to speak, in pasamg through a certain angle determined 
hy a BUie greater than unity. 

1870 . 
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I havede8cnb4»d the phenoiueiion with silver, which shows it best , but speculunn 
nietali gold, and copper show it very well, while with steel it is iar less conspicuous 
When the coloured metals gold and copper are (xamined by the light oi a pure 
spectrum, the nng is seen to oe better formed in the hss than m the more reiran- 
gible colours, being moie intense when at its best, while with silver and ^ecidum- 
metal there m little ditlcronce, except as t > size, in the different colours Heematita 
and iron pyntes, which approa(h the metals in (pa( ity and m the change of phase 
which tlu-vpi odutebynflccti mof light p dan zed paialfclrtlati\elv to light polarized 
perpendiuilarl> to the plane (f incmLiice do not exactly foi m a nng isolated in a 
bright field hut tin spot neon with light polari7(d peqiendicularly to the plane of 
incidence is tihuormall^ bnad ju**! about tne limit ot total reflection, and rapidly 
contiactH on lucuasing the angle of incidence 

It setnnd to me that a sequuic* iim^ be tract d from the rapidly contracting 
rings of diamond scon in passing the p darizing angle of that suhstance through the 
ubuoinmlly hioad and lapidU c )nti acting apot eton with iron pyrites just about 
the limit ot t )lal reflection and the somewhat inconspicums nng of stool seen a 
little be\oud the limit to the intense rapidU contracliug ring of siUoi seen consi- 
dcrabh Ibevond the limit Tf ao, the full th< ory of the nng will not be contained 
in the usualh aoetptcd fuimulpo f^r metallic n flection mooih d, a'^ in the case of 
transparent siibatances, in ftuoidance with the circamstance that the incidence on 
the fust surface of tlie plate of air la hi \ond that of total reflection 

MacCullagh was the tiiat to obtain tin formuhe for mcljilhc n flection showing 
that the) wue to be dedutcd horn IrtMuels tormulic b\ making the refractne 
index a mixed nnagmarv, though tho art usually attiihutcd to Cauchy, who 
has gi\cn formulae difftimg fir m those of Mac( ultagh merely in algibiau detail 
Asreg^iids Ihony Cauchy made an important adyance on what MacCullagh had 
done m connecting the peculiar optic il pioperties of metals with the ir intense ab¬ 
sorbing nowci • Now iVsu 1 ft foiiuul o do not include tin phenomena diseoyered 
by Sir ueo’^e Airy yvhich arc^ seen in passing the polarizing angle of diamond, 
and which have been more recently extended bv A1 Jaiuin to the generality of 
transpaient substances and if these pa<w by regular sequence to those I have de- 
pcnbed as seen with metals beyond the limit of total internal refle-ction, it follows 
that the latter would not be completely embraced in the application of Fresnel’s 
formulBB, morlihed to suit an intensely absorbing substance and an angle of inci¬ 
dence given bv a sme greater than unity t 


Elfotricity 

On thfi Contact l^heory of Voltaic Aetton By Professors Ararow aW Pi 
On a new Form of Electrometer By Pi of J Dfwar, FES E, 


On a Mechanical Ilhehatwn of Electric Indmhon and Conduction 
By Oliver J IjOdgl, B Sc 

The paper deecnbes the construction of a model which illustrates Prof Clerk 
Maxwell’s theory of electric action uu the hypothesis of stress m a diulectnc me- 

• The apparent difference between MooCullaf^h and Cauchy as to the values of the 
refractive indicee of metals is merelj a q lestiun of arbitrary nomencUture 

t It was long ago observed both by Professor MaiCulIngh and Dr Lloyd that when 
Newton s rings are formcxl between a gloss lens and a metalho plate the first dark nng sur¬ 
rounding the (central spot which is oomparatively bnght remains constantly of the same 
sue at high inoidenoes although the other rings like Newtons nuga formed between two 
^flass lenses dilate greatly as the luoidenoo bei^^omes more oblique Hee Proceedings of the 
Buyal Insh Academy yol i p 6 
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dium, snd which cotuiets esseatiallj of an endless cord passing with fhction 
through buttons supported on elastic strings By altering the relation between the 
friction and the elasticity of ditTerent partS) it can be made to exhibit ver^ com¬ 
pletely the phenomena observed when an electromotive force is made to act —(1) 
between the ends of a metal wire, (2) through an electrolytic liquid when it 
illustrates the convection of electricity by the cathion and the polarization of the 
electrode y (3) in an accumulator with perfectly insulating dielectric, when it shows 
the polarization of the dielectric, the displacement ol electricity in the direction of 
the force, the tension along the linos of force, occasional possible disruptive dis¬ 
charge, and consequent possible internal chaigo (4) across a dielectric which is 
homogeneous, but has a slight conducting power, showing in this case a c intinuoiu 
ordinary conduction-current, in addition to the variations of electnc displacement, 
^6) across a non-honnogeneouH or stratilied dieh^ctric in which a * residual chaige * 
18 poseibl© If made of proper materials, the model wmld exhibit this residual 
chai^ quaniitatiK ly as well as qualitatiiely , and, m fact, the investigation “ On 
the Theory of a Oomposite Bielcr trie (in arte 328 330 of Ataxwell s ‘ Flectncity ) 
would apply to it with little modification It further illustrates incidentally the 
action of a voltaic cell and of a Bubmarm i cable 


On a Mechanical IJlmtiatum of Thermoelectric Phenomena 
Bif Oin FTi J I-KJDuL, B Sc 

The model which illustrates metallic conduction in the preceding oommuiuca- 
tion IB supposed to be modified so that all the buttons execute veiy rapid isorhro- 
nouB simple harmonic motions, sliding to and fro on the cord The rali of cooling 
of a body placed in an enclosure at absolute zero is then seen to be proportional to 
the abeoluto teniporature of the body, and to depend on ite spocihc electrical resist¬ 
ance The eloctnc condition of toumialme is explained by an hypothesis as to the 
nature of its internal structure ^ and the amount of beat generated by an electric 
current passing through a metallic conductor is deduced in accordance with Joule’s 
law A.n hypothesis is then started as to the nature of the internal actions at a 
junction either of two difFeront metals at the same temperatun or of two parts of 
the same metal at dilTerent temperatures , an<L on the strength of this hvpothcnie, 
electromotive force produced by contact, the Peltier ofiect, and Thomson’s electric 
convection of heat are all illuatratod The exact laws which have be< n expen- 
mentally established for these eftects mav p(»8sibly be deducible from considerations 
founded on the model, but this has not yet been properly done* 


On the Protection of Bmldings from Ln/htning 
By Professor J, Clerk Maxwell, FRS 

Most of those who have given directions for the construction of lightning- 
conductors haxe paid great attention to the upper and lower extremities of the 
conductor They recommend that the upper extremity of the conductor should 
extend somewhat above the highest part of the building to be protected, and that 
it should terminate in a sharp point, and that the lower extremity should be ear¬ 
ned as far M ]^sible into tbe conducting strata of the ground, so as to make ” 
what telegrapn enmneers call " a good earth ’ 

Tbe electneal elfect of such an arrangement is to tap, as it were, the gathering 
charge, by facilitating a quiet discharge between the atmosphenc accumulation and 
the earth. The erection of the conductor will cause a somewhat greater number 
of discharges to occur nt the place than would have occurred if it had not been 
erected, but each of these discharges will be smaller than tho^ which would have 
oocurred without the conductoi It is probable, also, that fewer discharges will 
occur in the region surroundiiig the conductor It appears to me that these arrange- 
msirta are calculated rather tor the beneiit of the surrounding countiy, and for the 

* These two papers ore published, with some additions in the Phil Mag ser 5, vol lu 
pp 353 and m 
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relief of clouds labounug undei an accumulation of electncity, than for tbo pro¬ 
tection of the building on which the conductor la erected 
'V\ hat we really wish is to pre\ ent the possibility of an electric discharge taking 
place within a certain region, sav, the inmde of a gunpowder manufactory 
If this 18 clearly laid down as our object, the method of securing it is equally 
clear 

An eUctnc dischai^^ cannot occur between two bodies unless the difleience of 
tlieir potentials is sufhciently git at ctm^aiod with the distance between them ff, 
therelore, we enn keep the poUntials or all bodies within a certain region equal oi 
marly equal, no diflchorgo will take place between them \\e may etcuro this hy 
councctmg all these bodies hv nioaus of good conductors, such as copper wire lopes, 
but it 18 not necessaiy to do so, for it may bo shown by expiuiueut that if e^e^y 
port of tho surface surrounding a certain region is at the same potential, ovi ry 
point within that region must be at the same potential, proMded no choiged body 
iH plact d within the iigiou 

It would theicfoii b( sufficKnt t) surround our powdei mill with a conducting 
ni itenal (to sheathe its loot walls, and ground floor with thnk shoet-iopper) and 
then no ehctiieal (ikil could ucem withm it on account tf any thunder-stomi 
1 ut'^ido 

lh( 10 would Ik^ no ruetl of an\ eailh connexion A\ e might e\en place a lajer 
of asphalt between th( copper fl( >r and tiu groimd, so as to insulate the building 
If the null weie then HtiuelewUh lightning, it would Hinain clnrgttl foi some 
time, and a person standing < n the giouiul outside and tt mliing the wall might 
leceivo a shock but no ilectiicnl < thet would lie p reeived inside, t v(n on tho moat 
delicate electiometci I he potential of c%eiy thing inside with respect to the earth, 
would be fluddeuh lais^'d or lowered, as tho cost might he hut electnc potential 
H not a phj sieol eoiiditioii hut oul^ a mathematical conception, so that no physical 
eflect could be percentd 

Tt iM therefore not necosaary to connect large masses of metal, such as engines, 
tanks, Ac to the walls, if they aie entir< ly within the building 
If, however, any conductor, such ns a tolograph-wne or a niotallic supph-pipe for 
water or gas, comes into the building horn witJiout, the potential oi this couauctoi 
may be difit rent fiom that of the building, unless it is connected with the conducting 
shell of the building Hence tho water or gas supply-pipes, if any enter the building, 
must be connected to the system of lightning-conductors , and since to connect a 
telegraph-wire with the conductor would render the telegraph usele&s, no telegraph 
from without should be allowed to enter a powder-mill, though there may bo eloc- 
tne bells and other telegraphic apparatus entirely within the ouilding 
I ha\e supposed the powder-mill to be entirely sheathed in thick sheet-copper 
Tins, howe\er, is hy no mrans ntctsaary in order to preient an> sensible electric 
eflfect taking place within it supposing it struck by lightning It is qiute sufficient 
to enclose tho building with a network of a good conducting substance For in¬ 
stance, if a copper wire, any No 4, B W Q (0 2"18 inch in diameter), wore earned 
round the foundation of a hou*e, up each of the comore and gables, and along the 
ndges, this would probably be a sufficient protection for an ordinaiy building 
agwnst any thunder-storm m this climate Tho copper wire may be built into the 
wall to present theft, but it should be connected to anv outside metal, such as 
lead or zinc on the roof, and to mt tnl rain-wator pipes 
In the case of a powder-mill, it might be advisable to make the network cloftcr 
by carrying one or tw o additional wires o\ er tho roof and down the walls to the wire 
at the foundation If there aio water- or gas-pipce which enter tho building from 
without, these must be connected with the ejstem of conducting-wires, but if there 
are no such metallic connexions with distant points, it is not necessary to take ohy 
pains to facilitate the escape of the electnoity into the earth.. 

It is desirable, however, to provide for the safety not only of tho biulding itself, 
but of the system of conductors which protects it Ibo only parts of this system 
which are in any danger aro the points where the electncity enters and leaTOt it 
If, l^erefore, the system terminates above In a toll rod with a sharp point, and 
downwards in an earth wiro,” the external discharge will be almost certain to 
orcur nt the ends of these electrodes, and the only possible damage will be tho loss 



THAN8ACTIUN8 OF THK BIDCTIONS. 15 

%{ a few particles from their extremities, but even if the rod and wire were de¬ 
stroyed altogether^ the building would still be safe* 


On Compass Corrccfton in ft\m Shlp^, Bp Sir W, TiiOiiao^, D,CJj , FH S, 


Eff^cU of oji the Matfneiiziiiion of ln'n 
Bp Sir W. TnoAfrtOM, I)X\L^f F.U 


On Coiiittx t Khitt n*/7y. Bp Sir W* Thomson, D.CJj f FI{ S 


Acauaxics. 

On the Condtliom of (he Tiunsfovinaiion of reiu(idinn-Vif)i ahons , v t(k ati 
e.rpenmental illustration. Bp IL 11. M. kt, Felloiv of John s 

College^ OufonL 

Under certain ciroumatanct*^, n pcndiiluni-%ibration of given period can give n'»e 
to impulses which support vibiatione whoso porigds are i, 1, . . of the pcnovl 
of the original vibration Tlio conditions imdei which this takes place arc of 
interest. 

Wheatstone onunciated the following as an e\perimontal law —A penodic lui- 
pulse can suslam vibration^ whoso Iroqucuciea are iniilUplcs of that of tho impulso. 
This was auppoilod by an expenmoot m whitli the harmonics of a Jew^s harp 
are obtained from it by an adjustable resonator. But a general law cannot be 
proved by a particular cxpennient. 

An exponniont was adduced in contradiction of the generality of tho above law- 
It can bo shown that tho slopped pipes of the organ aie incapable of supportuig the 
vibration of resonators tunea to their octavo and double octave, while open pipes 
are capable of doing so. 

As tho result of mochanu al theory, the law may be enunciated that no pendulum- 
vibration can be mamtamed lu a vibniting system, unless tho acting forces contain 
impulses of the same peiiod as the vibration mamtamed 
The experiments commonly shown, m which a simple pendulum-vibration is 
made to support its harmonics, gonerally depend on a transformation of the vubra- 
tion in the tmnsmiesion of tho impulse. Tno apparatus exhibited forms a type of 
the general process of transformation by transmission, 

A metronome vibrating seconds furnishes the fundamental vibration a number 
of small pendulums vibrate 2, 'X 4, 5, 6, 7, and 8 times in a aocoml. Jiy making 
connexions between the melrouomo and the pendulums with elastic cord m diffe- 
tent ways, the diilerent kinds of transmission (with and without transfonnntioii) 
can bo iHuetmtcd, 

When the cord is tight, tho irapulsc'i am transmitted without liansfomiatiuu ; 
when the cord goes alack during tue vibration, the impulses are trausformv*d into a 
eerie* of pulls. In the first case the small pendulums are notalTected, in the second 
they are gene^ly set in vibration. 

The followiiig points are illustrated bv the expennieiit with the partly slack cord, 
where the imposes constitute a senes of pulls ‘— 

The common exposition of tho theory of musical sounds, in which tlie impulses 
ftxe compared to the blows of a hammer, really makes a very coniplox etlect the 
basis of operationa The notes thus constructed differ from simple musical tones in 
having the power of supporting the vibrations of their harmonica. 

Tho cases of the notes of the siren and the harmonium, in which the sound is 
produced bjr a series of jet* of air, ere Ulustreted by the seme evpsriment 
An experiment of Prof, Mayer's, for tho analyeis of tho Bound of a reed pipe, by 
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stCBcbin^ « fibnUing portiua of it to tuning-forka, was disciustd It was shown 
that thoIoMde of transiniasiou is such as to lead to trausfomiation, wheceb; tha 
jUulyBlB 18 vitiated 

Mr J Riilhe ilannlton s experiment, in which an harmonium reed is made to 
0Upfport the vibrations of a wire « nindinp^ its harmonics without actual attachment^ 
was shown to be a case if tninHforuiatiou 

The production f harmonics By resonance from the Jew s harp or harmomum- 
reeds without wind was discussed and it was shown that they may be regarded 
as giving nso to dim intinuous impulses at the moment when they olose the upeu- 
inga III which they ht 

It was then shown how a sems of discontinuous impulses may be expressed 
matheruaticall} and from the fact that the cxpressi ms involve pendulum vibrations 
cornspondiug to tho harmoniCH it was shown to follow that narmomc vibrations 
may be exi it^d by such a h nt s of imp dses 

The nature of the modificHtioii tho expresHions require for application to the siren 
was pointed jul and it was thus explained how tne siieii t^ue comes to imolve 
harmonics of c nsKlcrablo intensity 

We now come to the problem of transfunnatiou of simple sound vibrations by 
transmission through air 

An experiment was described in which a large tuning fork was presented to a 
senes of resonators (organ pipes) tuned to Us harmonics the result was that, with 
the fork alone^ they weie an iible up to the tierce inclusn o (harmonic ot hfth order), 
and with a dibk of wood fastened ou to the prong they were audible up to the 
harmonic seveuth inclusive 

A mathematical investigation of the transformation of simple vibrations in air 
was then earned out, and applied to tho abi\e experiment It results that for tho 
hfth harmonic of the fork, whicli was clearly heard, the flow of energy should be 
approximately 

^ \^ foot pounds per second 
2x10“ ^ 

This seeming extraordinanly minute an expenment was made with a small tuning- 
fork ot a1x)ut tho same ^itcn as the hfth harmonic above mentioned 1 he time of 
diminution of the amplitude to was observed and the initial amplitude B>om 
this the amplitude was cab ulated at the subsequent time when the sound just 
ceased to be audible The flow of energy per second at this point was estimated 
approximately at 

which agrees pretty well with the above number dedncod from theory 

It was then pointed out that the intensity due to a given flow of energy is diffe¬ 
rent m different parts of the scale Helmholtz has remarked this (p 2fl4 of Fllu> 
Helmholtz), ana, in a paper in the Philosophical Magazine (Nov 1872), tho writer 
showed that, if we admit that in similar organ-pipes similar proportions of the 
energy of the wind supplied are converted into sound, the mechamcal energy of 
notes of given lutensity vanes inversely as the vibration number a law in accordance 
with the indications given by Helmholtz 

Tho theory was then applied to ascertain the extent of the development of har¬ 
monics in a tubular resonator tuned to the fundamental Such development tuma 
out to be very considemble In consequence of this we cannot generally assume 
that the notes produced by resonators are simple tones The bearing of this on a 
recent important paper of Koenig a was alluded to 


True TntonaUon, illustrated hy the Voice-Harmonium with Natural Finger* 

I board By Colin Brown 

A senes of harmomes forms an arithmetical progression, the number of the 
vibiations between any consecutive members of the senes being equal The vlbra- 
tipns repidly increase in velocity in the higher harmonics, while me musical Inter- 
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Tftls as ra}>idly decrease the same number of vibratiouH which between the 1st and 
2nd steps of the harmonic et nes produce an octavo, between 2nd and Srd step a 
fifth, between the 4th and 6th steps a major thmt, between the I6lh and Ulth steps 
produce ouly a diatonic semitone, and so onwaids beyond the ianf(o of nnisical 
computation 

^ mtrast witJi this lianuonic serios of sounds, winch is simple arithmetical, 
and perfectly le^ ilar wc ha^e tho stries of llio musical scale whi h is comi>ound, 
geometrical, ami hj im^ular that two tones or steps of equal vibiatmiis cannot 
musically sucoetd each other Of tin 48 sounds lu the haiiuomc senes 22 are 
coincident with the miiHu al strws, and 20 are not coincident 

Of theae 22 comcidenees, tho rjot, cr lowest souti I »f the harmonic strie^, 
occurs as— 


Tho 4th sound of tho musical scalo 
i he 1st sound or ionic, occurs 


The <ith 
( Ik 'ith 
Tho 3rd 
1 he 2nd 
Ihc 7th 


if the ^Crtlo 


0 times 


5 

4 

3 

2 

1 

I 


In all 


22 


Of these 22 coincidences between the harmonic sern s and the musical senes, tho 
lost are th© numbers 24, 27, 30, 32, i<t, 40, 46, end 48, which lorni the relations of 
the musn al scale 

This /ul/ harnioruc senes can be built upon Fa, or the 4 th of the muaical 
acAlo as its root, and the first power of ba, I0l| (as it appears m the lowest senes 
of the mueicfd scale 8, 0, JO, lOlj 12, 1P», 16) is the common multiplier ami 
divisor ot the vibrali ins ot all the sounds of tho musu al w ak Thus m the octa \0 
from tenor C upuards the iibrationa are — 

CDK P O A J?C 

260, 288, 820, 34^, 384, 42(iJ, 480, 612 

These, divided by the hist power of bn, ni t!ie 4th if the musical scale (say 10^), 
give 21, 27, dO, 12 36 40 45, 48, htmg the hgures of the musual scale with 
whuh ihi harm mic sones iIos©h 

In this harmonic senes tlio 8th Otb, and 10th tom s or steps following in diatonic 
succession are tho Ist 2ud, and Ird t >iks if thi musical scale, and tho 15th and lOth 
are the 7th and 8th of the inumcal scale 

These figures gut us tho first or lowest rt laliona of the musicul «cal , 8 0, 0 10, 
and 16 16 — 

The large step or touo of 8 0 occurs 3 turn 

Ihohss „ ,, 9 10 , 2 , 

3 he small „ , 16 16 „ 2 , 


Within the octaM,, in all 7 step-* or tones 

These relations of the tones or sti p« of the scalo ere al^^ s the same lu e\ery key 
C. s612 MbratiODs, is common t<i the keys of I (\ and (1 and the /Ih or 
diatonic semitone iHihw, =480 vibrations is cornu on to the kivs ot ( , <4, and 1), 
•o with every mnsicnl tone 1 nch of the^e is npiesenUd by a digital ujon the 
natural finger-board of the authoi’s voice hormoi lum 
For distinction the digitals repress nting tout s cou m n to 4 kovs aie white those to 
3 keys are coloured tho 1st, 2nd, 4t)i and 6lh tones of tlie sialo in eveiy key are 
white, and tho 3rd, 6lb, and 7lh are col mu d 
In every key, looking rti<ntq the fingefb^iard tho progrcpaion of tho scale is the 
same —8 9, 0 10, 16 10, 8 9 9 iO, 8 9 15 10 Iroin white digital to 
white, or from coloured to coloured, there is alwavs th© larpo step or tope of tho 
•Cale 8 0, from white to colouied always tho le^s tono ot the scale 9 10, tuid 
from coloured to white always the small step or tone 15 10, the diatonic semitone^ 
Ijikiking actou the finger Ik nrd at (ho digitals endwise, from tho end of each white 
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dif^tal to the end of the coloured immediately above it la direct hue there is 
always the chiomatic ponutono of 128 135, and from the end of each coloured 
digital to the end of the white immediately above tho comma of 80 81 always 
api^m 

Between each white or flat note, as , and each coloured or sharp note, aa I)^ 
at tho distance of six romo\ ea looking aa os^ the diagram or finger-board, the schisraa 
of the scale is al\vn 3 S found, 32 7(jS 32,806 
Ihe only othir idation of tho scale la repicseutod by a round digital on tho 
finger-boaid and by 7 vwioi on the diagram , it la tuned iw 10 10 to the OtU of 
the mR)oi 'scak and supplies tho sharpened 7th and 0th tones of the modtm miuoi 
scale it also gnes the imperfect chromatic semitone of 24 26 in relation to ttio 
6th of tlie maior ecalt 

Ihis hnger-board is teuuod*^ natural because no extra digitals like tho h\6 bl ick 
digitals of the ordiuarv keyboard are required to produce tho chromatic tones 
L\ery colouied digital is sharp in relation to the white below it and t vciy white 
digital is flat m lelation to the coloured above it, tho relation being alwa} a 128 136 
On this tingei board only I musical relations, VIZ 8 0, 9 10,16 0, and 128 136, 
me fuind, and 3 musical differeucps, \i/ 24 26, 80 81, and 32,738 32,806 

Vll the larger intervals of tho scak are formed by adding 8 0, 9 10, and 16 1(J 
togellu i and oil tho smnlki intervals aro produced by subtiacting or div idmg 
tiuse thus — 

0 ks9 16 13 as 128 136, the chromatic semittme , 

M 10 , 16 10 = 24 2 6, the imperfect chromatic semitono, 

8 M , 0 10 = 80 81, tho comma, and 

S 0 , 0 10 =1 128 136, which being 

flfiuaitd md dmdpd b\ 0 10, giies tho schisma 32,7t>8 32,805 Tims all the in- 
tei vals find iclations ot tlit musical scale proceed from the so three simple elements, 
B 0,9 10, and! ? If. 

By Adding a comma and a scliisma togethi r, the comma of Py thngoras is produced 
Ihis 18 always found between ke>8 changed enharraouically, as from to B 
1 ho three soiies of digitals upon this fangor-hoard, white, coloured and round, are 
very easily tuned by jxrtcct fifths throughout, and connected together by major 
thirds J ho tuning is diagonal, producing every interval perfectly m its |roper place 
Timid in this way, tins in^itrument fwithin its range or compass) is mathemati¬ 
cally and musically perfect, without compromise or approximation of any kind, and 
roquiiiiig jKitlici equations, decimals,nor logantlims to explain it It is very easily 
plnyfd upon* 


ihi ti Ptaitical Method of Titnimf a Major Thml 
By ^ir W Tuomsoiv, D 0 L ^ F li S, 


Iastulmbnts, 

On a Ihim of Gasholde) yn my a umfoim Flow of Gas By Prof Bahrett. 

DiaCfiarns and Dew tpiion of the netv Leciui e-Tabls fo) PhymcalDmo7istrattoi 
tn the Jioyal College of Science for Ireland By Prof. Babrbtt 


V Forms of Jpparatus fot the Birpenniental Ulustratwn of ihe Brpan- 
Sion of Solids by Heat By Prof B\ruftt. 


I * The principles of construction tuning. &o of the voioc harmonium will be found 
luUy expUmod in ‘ Music in Common Things,’ part ii, Collins and Oo Loi don, Kdm- 
burgh and Qlnsgow 
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On a Modification of ihc BprcngA Famp^ a:nd a new Form of Vacmm^Tap 
^ C H OxJoiKeHAu 


On ‘new ^tandanU of Mcacure an I Weight Bg Prof H?NinMSY, F li S 


On a ne o lorn of Thermometer for oheening Earth Fempemin) e 
Bg Q Z bxMONB 


On rtJi UnnmtalaUe Friie North Cotnjmes Bg G J SvMONfl 

Tho autlior sail that it waa not j^eneraJly kn)wn, exw^pt to nautical and to 
acientihc men, that tho coiu^aaflos uaually aold did n< t pouit to the tnie Noitli or 
South Pole of the earth The magnetic Pol*, to which all compass net dies pointed, 
was nit ilentujil with tht ^geographical pole, which was tho north point of 
maps Tho variation of the needli was tonsideraMe, and was no d uot often 
the cause of tourists I siug thtir way The difference between true and magnetic 
north was not the sami in all paits of the Lmted Kingdom, and d fortiori lu all 
parts of tho glolie, noi was it aDsdutclv tho sanu fiom >oar to year One of tho 
advontagts of tUes i luatrmneulH was their pointing to the true north, tli s other 
was their * unmintakubknc'w fhisc c nnpasses weie corrected for use in the Lmted 
Kingdom, but could be adapted to any sjiecified locality in any part of the world 


On a new Fou 71 of Astronomical Clod with Ftee Penhdum an I Indepen- 
dentlg Croverntd Uniform Motion for Eecapenunt xiheel Bg Sir W 
TttOMsoK, Z> C / , Z' 2i b 

The object of this communication was to explain to members of tho Association 
and gi\o them an opportunity of seeing in (he authors hoii'^e i» the Ilmiorsity a 
clock whuh had boeu described in a ommunnation to the Hoyal Society in 1869, 
entitled a New Astronomical Clock and n Pendulum Governor for Umiorni 
Motion The following desciiption is taken fiom the *Proceedtnt^ of the Koval 
Society for 1860 except a few alterations and additions and the drawings, ivhich 
have not been hitherto published — 

It seems strange that tho dead beat escapement should still hold its place m the 
astronomical clock, when its geoiin tncal transf nnatiou the cylinder escapement 
of the same inventor, Graham, only survives m Gt nevn watches of the cheaper class 
lor ktter portable lime-keepers it has been altered through the viciotis rack-nnd- 
pinion movement into the sunerlatively good detached lever If it is possible to 
make astronomical clocks go oetter than at present by merely giving them a better 
escapement it is quite certain that one on the same principle as the detached lever, 
or as Earushaw s ship-chronometer escapement, would improve their time-keeping 
But tho irregularities hitherto tolerated m astronomical clocks may bo due more 
to tho faultinosa of tiie steel and mercury compensation pendulum, with its loosely 
attached glass jar, and of the mode in which it is hun^ and of tho instability of 
the supporting clock case or framework, than to imperfection of the escapement 
and the gii atneaa of the arc of vibration which it requires, therefore it w ould be 
wrong to expect conhdently much improvement m the time-keeping merely from 
improvement of tho escapement 1 have therefore endeavoured to improve both 
the compensation for change of iemperatuTe in the pendulum and the mode of its 
support, in a clock which I have recently made with on escapement on a new prin¬ 
ciple, in which the simplicity of the dead-boat escapement of Graham is retained, 
■while its great defect, tho stopping of the whole tram of wheels by pre^sme of a 
tooth upon s surfoco moving with the pendulum, is remedied 
Imn^ne the escapement-wheel of a common dead-beat clock to be mounted on a 
eoUur fitting eamly upon a sluadlt instead of bemg nfndly attached to it Let fnctlon 
be properly applied oetwoen shaft and the collar, so that the wheel shall be 
oomed round by the shaft unless resisted by a force exceeding some small definite 
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•mount, and lot a governor giving uniform motion beappln 

work connected with thu enaft, and ao adjusted that, when the escapement-wheel 


percentag'e 
uepl, thus ] 


than it must move to koo 
mounted and carnod rouui 


z 


IS unresisted^ it will move faster by a Biiiall 
tame properly. Now let the escapenient-w 
act upon the eseapeniQnt, just as zt does m the ordinaiy cloik It will keep the 
pendulum vibrating, and will, just as in the ordinal} clock, bo held back eveiy 
time It touches the escimomeut during the interval required to set it right again 
from having gone too fast during the preceding lub^rval of motion But iii the 
ordiniiT} clock the interval of rett is consid(‘rablo, geuuially greater than the inter¬ 
val of motion In the new clock it is equal to a small t’laction of the interval of 
motion-—in the clock as now woiking, but to In* reduced probably to something 
much sm^er yet The simplest appliance to count the turns of this escui.H?ment- 
wheel (a worm, for instance, working upon a whetd with thirty teeth, carrying a 
hand round, which will com'spond to the seconds hand of the clock) complntos the 
instrument, for minute-and hour-hands are a superfluity in an astronomical clock 
In various trials which I have made since the year IHdo, when this plan of es¬ 
capement first occurred to me, I have used several diflereiifc lorms, all answering to 
the preceding descnption, although differing widely m their geometrical and me¬ 
chanical characters In nil of them the es<*apement-wheel is reduced to a single 
tooth or arm, to dimmish as much as possible the moment of inerlia of the mass 
stopped by the pendulum This arm revolves in the period of the pendulum (two 
seconds for a seconds pendulum), or some multiple of it Thus the pendu¬ 
lum may execute many complete periods of vibration without being touched 
by the escapemeut In all mv trials the pallets have been attached to the bottom 
of the pendulum, projecting below it, in order that satisfactory action with a very 
small arc of vibration (uot more on mch side than of the ladius, or 1 centi¬ 
metre for the seconds pendulum) may be acoured 

In the clock in my house the seconds pendulum of the flno movement vibrates with 
great constancy through half a millimetre, that is to say, through an arc of of the 
radian on each side of the vertical. This, I believe, is the smallest range that has 
hitherto been realized in any seconds pendulum of an astronomical or other clock. 
In the drawing h represents the vortical 
escapemcnt-shaft, round which is fitted loosely 
the collar c, cariyung the worm v The 
small wheel, rf, is worked by r, and carries 
round the seconds hand of the clock, a n pre¬ 
sents a piece of flue steel wire, being the single 
arm to which the teeth of the escapement- 
wheel ore reduced in the cloc‘k described in 
this paper, pp the pallets attached to bars 
projecting downwards Irom the bob, B, of the 
pendulum, /, a foot beanng the weight of the 
collar^woim and escapement-tooth The bar 
connecting/ with the collar is of such a length 
as to mve a pioper moment to the fnctional 
force by*which the collar is earned round 
The shaft « carries a wheel, represented in 
section by wWf which is dnven by a tram of 
wheel-work (not shown in the drawing) fioin 
the governor. This wheel is made to go ] 
per cent faster than once round in two seconds, 
while the pendulum prevents the collar from 
going round more than once in two seconds 
My tnols were rendered practically aboiiivo 
from 1806 until a few months ago by the 
difficulty of obtaining a satisfactory govemc^r 
for the ^iform motion of the escajement- 
ihafr;, this difficulty is quite overcome in the 
pendulum governor, which I now proceed to 
aescribe. 
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Imagine a pendulum with tingle tooth escapement mounted on a collar loose ott 
the eecapement-ahaft just as deacnbed above, the shaft being vertical lu this case 
also A square-threaded screw is cut on the upper quarter of the length of 
the shaft, this being tho part of it on which the escapcment-cullar works, and a 
pin tlxed to the (xillar projects inwards to the furrow of the screw, so that, it tho 
collar IS turned relativelv to the shaft, it will bo earned along as the nut of a screw, 
but with less tnction than an ordinary nut Below the screw and long nut-coUar 
three-quarters of tho length of the escapement^shaft is surrouiided by a tube which 
wheel-woik le earned rouud about 5 per cent faster than the centnU ahsft 
ITiii outer shaft, by means of fnctiou produced by tlio pressure of proper springs, 
Games the nut-collar round along with it, except when tho eacapemout-t^th is 
stemped by either of the pallets attai^hcd to the pendulum A sbfi cross-piece 
(like the head of a T), projecting each way from the top of the tubular shaft, cames, 
hanging down from it, the governing masses of a centrifugal fhctiou governor 
These niaases are drawn towaids the axis by spnugs, the luuor ends of which are 
acted on by the nut-collar, so that the higher or the lowei the latter is lu its range 
the springs pull the masses inwards with h^ss or more force A hied metal nng 
coaxial with the mam shaft holds the governing masses lu when thoir centnfu^l 
forces exceed the forces of the spruigs, and resists the motion by forces of fnctiou 
increasing approxiinatelv in simple proportion to the excess of the speed above that 
which just balances the forces oi tlie spnngs As long as the eecapement-tooth 
18 unreHisted the nut-collar is earned round with the qmckt r motion of the outer 
tubular abaft, and so it screws ttyii rods, diiniuiBhmg the force of the springs Once 
every semipeiiod of the pendulum it is held back bv eithei pallet, and the nutrcol- 
lar screws as much as it rose dunng the prtceding int< rvtil of freedom, when 
the action is regular, and tho central or mom eseapenieiit shaft turus m the same 
l^iod as the tooth, being the penod of the pendulum If through increase or 
chraiuutiou of the diiviiig-power, or dimiiiutiou oi mcrense of the coefficient of 
friction between the governing masses and the nng on wlnth they press, the shaft 
tends to turn faster or slower, the nut-collar works its way down or up the sciew, 
until the governor is again regulated, and gives the same speed m tho altered cir¬ 
cumstances It IS easy to arrange that a large amount of legulatmg power shall 
bo implied in a single turn of the qiit-collar relniively to the central shaft, and yet 
that uie periodic application and removal of about of this amount lu the half- 
penod of the pendulum shall cause but a vefy small periodic vanation in the speed 
The latter important condition is secured by the great moment of inertia of the 
^verning masses themselves round the mam shaft My communication to the 
Koval Socie^ ended as follows — 

“I hope after a few months trial to be able to present a satisfactory report of the 
performance of the clock now completed according to the pnucipKs explained 
above As many of the details of execution may b^mo moaihed after practical 
trial, it 18 unnecessary that I should describe them minutely at prest nt Its general 
appeiutmee, and the arrangement of its characteristic parts, may bo understood 
from the photograph now laid before the Society ’ 

I am sorry to say that the hope here expressed has not hitherto been realized 
Year after year passed producing only more or less of radical reform in vanous me- 
chamcal details of the governor and of the fine movement until about six months 
ago, when, for the first time, I had all except the pendulum* in approximately 
satisfactory condition By that time I had disc overed that my choice of zinc and 
platinum for the temperature compensation and lead for the weight of the pendu¬ 
lums was a mistake I had ftjllen mto it about ten years ago through being in¬ 
formed that in Kussia the gridiron pendulum had been reverted to because oT the 
difficulty of getting equalit) of temperature throughout the length of the pendu¬ 
lum , and Without stopping to perceive that the right way to deal with this diffi¬ 
culty was to face it and moans of securing practical equality of temperature 
throughout the length of the pendulum (which it is obvious may be done by 
Simple enough appliances), I devis^nl a pendulum in which the compensation u 
produced by a stiff tube of zinc and a platinum wire placed nearly paiallet each to the 
other throughout the length of the pendulum, and the two penduluma of the clock 
al^wn to the Bntish Association were oonstriicted on this plan Now it is clenr 
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that the materials chosen for compenaation should, of all those not otherwise oh- 
jectionablo, be those of greatest and of least expansibility. Therefore, certainly, 
glass or platinum ought to bo ono of the materials, and the steel of the ordinary 
astronomical niercuiy pendulum i** a imstakr Mercury ought h) bo tho other (its 
cubic expansion being six times the linear expansion of zme^, unless tlie capillfltfy 
uncertainty of the mercury surface lead to irregular changes m tlio rale of the pen¬ 
dulum The weight of the pendulum ought to be of material of the greatest spe¬ 
cific gravity attainable, at all events unless iho is to be mounted in an air¬ 

tight cose, becaiiso one of the ehiof eri-ors of the best existing pcndnlnms is that 
depending on the lariations of bartimetnc pressure Tho expense of platinum puts 
it out of the question for tho weight of flic pendulum, oven although the use of 
mercury for the tempoiature compensation did not also give mercury for tho weight 
Thu8 even thtmgh os good oompeusation could be got uy zme and platinum as by 
liny other means, mercury ought, on account of its suponor specihe gra\ ity, to be 
proforred to lead for the weight ot the pendulum 

I have accordingly now made several pendulums (for tide-gauges) with no other 
material in the niovmg part than glass and moremy, with rounded kmfe-edges of 
agate for the fixed support, and 1 am on tho point of making four more for two 
new clocks which I am having mode on (he plan which forms the subject of this 
communioatiou I havtj hod no opportunity lutherto of testing the periormanco of 
any of these penduluins, but Iheir action seems very promising of good results, 
and the only untoward circumstanco which has hitnerto appeared in connexion 
With them nos been breakages of the glass in two attempts to have ono carried 
safely to Genoa for a tide-gauge made by Mr White tt> an order for the Italian 
Government. 

Ab to the accuracy of my new clock, it is enough look at tho pendulum vi¬ 
brating with perfect steadiness, from month to month, through arangii of half a 
centimetre on oaeb side of its middle position, with its pallets only touched during 
of the time by the escapomeut-tooth, to f(‘el certain that, if the beat ordinary 
astronomical clock owes any of its irregularities to varmtious of range of its pen¬ 
dulum, or to iinpulta's and Vnction of its escapement-wheel, the hew clock must, 
when tried with an equally gocnl pendulum, prove more regular I hope soon to 
hav e it tried with a better pendulum than that of any astronomical cIock hitherto 
made; and if it then shows irregulanties amounting to jV those of the boat as¬ 
tronomical clocks, the next stop must be to inclose it in an air-tight case kept at 
constant temperature, day and night, summer and winter. 


On jl/r. ^abine^s Mctlu>d of MMsuntuf umall InUi*vals of Tnn^ 

Bi/ W. H. WunN.'?. 


On Tnhd Operations tn ihc Oulf of CutcJi hif the Great Ti tfjonomctncul Survey 
of India, By Capt. A. W. Bviud, li E, 

The primary object of tho operations was to determine wlietlier secular changes 
in the level of the land at the head of tho Gulf, i e the '^Unnn of Cutch/'are 
taking place. OoL Walker, the Superintendent of the Great Tngonomotricfll Sumy 
of India, at first intended to restrict the observations to a few weeks duration; but 
he found that by extending them to a period of a little over a year, scientific re¬ 
sults of the highest value would be obtained, and also that this course would he 
necessary in order to obtain data sufficient to detect minute changes in the relative 
level of land and sea. I was deputed when in Kngland in 1871 to stu^ the details 
of tidal observations and harmonic analyeis as recommended by the mtish Asso¬ 
ciation; at the same time 1 tested a new self-registering tide-gaUge, the per¬ 
formances of which wore very satisfactory self-regisfceiing tido^ugas were 
then described at length, the most remarkable feature in them being the unusually 
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long barrola (length 5 feet), which wew provided m order to gi\e the tidal curve* 
on the diagram on a very largo scale Six of these instrumiuts had been aont out 
to India some jenrs before; they wore modified in Bombav, so os to be sinular to 
the new one which wo* tested at Chatham, and had scolts of •wheels put on for 
adaptation to particular tides, friction-rollora lor tho barrel, /ero-line*i for time and 
height cut, &o As the nse aud fall of tho tide is materially mflmnctd by direction 
ana force of the wind, and aCo by changes m the baromeltr stlf-registeniig anemo- 
nieterg and baromettr-^ were piocured foi eacli tidal station On iny retutn to 
India I was oidt rtd to make a ioc<mnaiB«ance of tlie Gulf of C utch, to siltct siUs 
foi tidal stations I cruised about for a month m a common native sailing boat, 
and aftci long searching along tho muddy loreehoits of the Gult I found three 
places well adapted for tidal obscrvati ms—one right nt the head ot the Gulf, just 
lU tho Runn of Cutch, called Ilaustal Tidal Station, anoihtr midway up the Gulf 
of the Cutch coast, called rsowauin and the third, Okhn just at tho mouth of the 
Gulf, opposite the island of Ik > t Tney w ere well situated for tho purposes reqmrcd, 
as fai (IS their geographiLal position, but as ont was at a pomt 1 wenty miles fi'om the 
neaiost village (from which dunking-wa(ei had ti b( niought by boat as well as 
food foi the men m chaige), another station iiim milts, niid tlm third two miles 
from the iillagos, the airangcmenls foi tho (ontinuous woikmg of the stations for 
about a year aud a ludf had to be most cniefully madt I uturned to ]kunba> and 
got all the appaintua icadi, such as non cyhiidtrs in knglh (so h 8 to b( portable), 
non piping, suction-piping anchors and buoys, for the deep-sea conntvion, 
torapoiary tide-gauges loi compauson, poilablo ol^si niitoin s—infiutfverj thing, 
e\en to bucks and lime for Miilung the masonry well fui holding tho cylinders, foi 
notbmg could be procured in llio ] larts selectid for the stations hilo in Bom¬ 
bay I tested tho working of thf whole apparatus for cadi < bfitnatoi\, and made 
many mollifications fioui time to tunc I lound that lui would collect in the pipes, 
which were in the shspe of a long siphon, and thus cause diflciences ot letol m 
tho cylinder and the sea I o^crcamo this difticulty b^ insertmg stopcocks at tho 
top bends, which •wtro to be always btlow tho loMe'4 high-water and in thii way 
1 was able to get the some Io\oi of the watii mside the cylinder as in the open 
sea By freq^uent companson with tlie temporary tide-gauges, the identity ot level 
was determined the size ot the pipe connecting the edmder had been ralculated, 
BO that proctKally thcio would be no retardatun in the How of the water The 
native bub-surveyoi«, ^^ho vere to be in chiugo of the stations, were also trained 
in liombay 

The observations and apparatus wtio then descnbcHiat length, and seioial illus¬ 
trations and diagrams showed the method of their working In addition to the 
self-icgistering anemometer and self-rt gistenng aneroid barometer^ each obsen alory 
woft fitted out with a standiid mcrcunal barometer (for comptiriRons) and a rain- 
gauge Three bench mark-stones in masonij platforms, at different distances from 
the obscTvatoiy were built as standard points foi tho levels, and each carefully 
conneitcd with the mo of the sdf ngistoring tide-gauge Ihc v\holo of the appa¬ 
ratus and iiistrumtnls were sent c ff in a largo native saihng-vcHSel dinct to Okua, 
thi natives who wtro to bo employed also going I marched across Kattyanon to 
Okha, having made some anangenicnts with the Political Agent at Rajkot as to tha 
help we should got from the native states The construction of Okha tidnl station 
wa^then desciibcd, and rnsny of thedifbculties which wort succtssfull> overcome, 
also the difitrtnt methods of conipnnug position of pencil on diagiani with the 
height of water, checks on the working of tho lustrumtntsfor lUHortion in thi daily 
reports submitted by tho sub survevors 1 detected a tenons fault m the sell- 
legifttnng tide-gauge, viz. Unit th^ mslrument was by no means corrttt in the 
time registration I eventually dtvised a simple, plan w hich I called back-lash 
wughV' which complttely removed this cause of ciroi I am of opinion tins plan 
ought to bo earned out in its entirety, and the bmrcl made to drive the clock in¬ 
stead of the clock the barrel 

Just after all was ready, and tho inslruments bt uig stnitcd at Okha, a groat dis¬ 
aster happened early one morning A boat drifted dow n past t lie slatioUj her anchor 
diagged across the neuble pipe, emasliod it, and earned offa largo portion of St, as 
well as buoys, anchor; Ilere wo had to land and to have the repairs qmckly 
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executed, then the fiual moaeurenietita for determination of sero, rating of clocks, 
&o were made, and the matrinenU started on their eightee^ months* work. 
Iieaving Okha, the yeesel ui which I and my men and all the apparatus were in 
ran Btraight on to a sandbank and nearly capsized After many troubles, the other 
two stations were eventually constructed Huts had to bo made for tne men in 
charge and the guard fiom the iiatne state to live in, a regular seivice for sending 
food and water ostablisbed, and post-runnora atarU d to carir the daily reports to 
the nearest post-ofRce, and many other details arranged I or my European as¬ 
sistant had to make frequent tours of inspection of the stations while work was 

f oing on, which entailed much haid marching and exposure One journey (m May 
874) was described in which 1 and my assistant had to ride on camels over about 
fourteen miles of the Runn, covered with water from 0 inches to a foot deep, i 
order to reach Haustal lidaJ Station The working ot the stations was then de¬ 
scribed, Okha and Haustal gi\ mg perfect and continuous registration, but at 
Isowanar, where then was 20 feet ot water at the end of the pipe at low-water in 
April 1874, in the following July it silted up and bunod the pipe, and the whole 
configuration of the fure‘»hore altered Isew pipes had to be got up, and two 
lunations (from March to May 1875) were aecuroa, in addition to the one and half 
lunation got before the shore hod altered in 1874 The registrations of the an^ 
mograph and barograph were routmuouft also The levelling operations (750 miles 
of aouole levollmg vs ere done in connexion with the work) wore next noticed, the 
rigid method of procedure whn h obtains in the (Ireat Trigonometrical Survey of 
India, and which gi^e siirh wonderfully accurate results, was refoired to {mde Col 
Walker 8 paper in vol xxxiu of the Memoirs of the \stion Society) 

The xemictionfl of the tidal observations art in progress, some idea of tbe magni¬ 
tude of which may be imagined when i0,000 points have been corrected to true 
mean locol time on the diagram sheet®, corrections made for rero error, and then 
the SO.CKX) final me^suremeuts made and tabulated for reduction The determina¬ 
tion or the mean level of the sta at oach station and some of the results already 
deduced are stated one is important, and that is, that th( mean level deduced from 
the two months (March 7 to klay 7) is nearly identical with the mean of the whole 
ear, and this Col Walker had predicted would be the cose in a ](tier on the subject 
about eight >enr8 before The meltorological reductions are m progress The 
movement of the wind for each hour for the whole period has bt on tabulated and 
reduced to its N and h com pom nts, the moan hourly value determined and, by 
combimng the diflerences of this mean from the value of each particular hour, and 
similarly the barometric diffeiemcs with the differences of the theoretical and 
actual values of the tide. I hope to deleimine far more occuraUly than has yet 
been done the < ffert of tne wind and baiouieter on the tide Se\ eral tracings of 
the actual dioOTsms were exhibited The tidal curves are most regular and con¬ 
tinuous, and show the perfect working of the whole apparatus, and when the tidal 
and meteorological reductions are complete, I hope to obtain some veiy valuable 
results 


Pht/sical Eiplanation of ihf Mackerel Sky 
By bir W Thomson, DC L ^ F,R 8 


On Navu/ational Diep-sea Soumltnge m a Sh^p moving at High Speed* 
By Sir W Thomson, D C L y FR 8 



TRAN8ACTION< OF THE fiKCTtOVS. 


55 


CHEMISTRY 

Address Ay Williah Hknry Pfrkin, FIt S , Prmdent of ike Section 

Thfrf can be no doubt that cheniifltry and the allied aciences are now being re* 
cognized to a much gieater extent m this roimti^ than in former yenra , and not 
only ao, the workers at research though still amafl in number, are more numerous 
than they were 

In iKWDr hranklandjin his Address to this Sec tion at the Meeting at Norwich, 
commented upon the small amount of original research then being earned on in the 
ITmted Kingdom but, ]udgiug froui the statistics of the ( hemjcal Society, this 
stale of things became even worse for in 18C8 there were forty-eight papers read 
before I he S >ciet\ but in }S72 only twenty-two Sure then, however, there haa 
been a considerablo nu rrase in the nunibc r and at the Anmversarv Meeting in 
March last it was shown that the number of communications for the se&sion had 
risen to sixty six, oi three times as many as in iHr^^ 

Of course these ligiiics only refer 1 1 flu Clieiiiical Society but I think they may 
be taken as a ^er\ sal cnlenon of the impro’ved state of things, though it would 
be %6ry gratifying to see much greaUr aciiiitv 

It IS also \erv pleasing to find that tht aids to and opportunities for research are 
increasing because it must be remembtrtd that, m a pe< uaiary sense, science la 
far from being its own rt warder at the time its trutlis ai-c bt inp studiea although 
the results very often bte une eventmUh (t Uic greatest practical value , hence the 
wisdom of a country encouraging scRntific n sc tich 

Rut little, however, has been done in this diutlion m past yiars—the grants 
mado foi gimral science by this Vaaicintion and that of tne G >veniniont of one 
thousand p >nnds annually to the Ho>ai S >cioh, b ing the roost iroporUnt 

Ihe Chemuul Su uty has also been m the habit of gitrog small grants f'lT the 
purpose of nsmsting those engaged in (hemual re tarch lu the future however, it 
will be ahlo to do mucli imuo than hithoito Ouo of the original im mbers of the 
Society, l)r 1 ongstafl,oil red m the early part of the year to give one thousand piundf 
provided a similar huui could bt ruistd, the united amount to In invested and the 
interest applied ioi the cncouragem^ nt ol resoaich I am happy to say tlmt rather 
more than the required sum has been riused, and it is hoped that it may be still 
further aupplementv d 

In addition to the Royal-Society giant, the Government have given this year a 
fxirthei annual sum of four thousand pounds Of course this is lor science gene¬ 
rally 

Mr 1 J Phillips Jodrell has also placed at the di^vposal of the Royal Society 
the munifacont sum ot six thousand pounds to be applied m any manner that they 
may consider for the time being most conducive to the encouragement of researen 
in Physical semnees 

When we consider how much of our science is of a physieal nnlure, we must be 
grateful for this boqm st and it is to bo hoped that these helps will more and more 
stimulate reseaixU in the United Kingdom , and if we have anv hope ol keeping pac^ 
with the large amount of woik now being earned on in other countries, we must 
indeed be energetic 

The employment of woll-traiued chemists in chemical works is now becoming 
much inoie general than heretofore, e8|>©cia]ly on the continent, where in some 
cases a considerable staff is employ od and provided with suitable appliances, See , 
for the purpose not only of attending to and perfecting the ordinary operations 
which are m use but to make investigations in relation to the class of manufacture 
they ore engaged in A convicti m oT the nocesaity of this is gaining strength m 
this country, though not so quickly as might be desired , nevertheless these things 
are encoun^ng 

Wuh reference to the progress of chemistry and what have been the fruits of re* 
search of late years, it will be impossible for me to give even a general outline, 
ihe amount oi" work hi ing so lorgfi, in fact, to recount the bst oi mvostigations 
made dunng the past year would takt up most of the time at my disposaL 
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Amongst the most interesting, perhaps, are those relating to isomensm, especially 
in the ftToiufttic senes of orpranic bodies, and it la probable that a more intimate 
knowledge of this subject will bo found of really practical value 

As 1 am unable to give an account of the wotk done during the post 'sear on 
account of its quantity nnd dut wit> I propose to i^^fti to some < t the proclK al results 
which have already accrued from Organic Chtmistrv ns a pka for the encourage- 
meut of research« and those I intend to speak ot arc of spa ml intei'est also on 
account of their close oounexiou with the tevtilo manufactures ot (treat Itntain I 
need scarcely say I refer to the colouring-nmtteis which ha've bten cbtained from 
the products found in tar 

It was in now twontv years since, that this imlustry was cotnnu need bv 
the discovery of the *‘niauie or * aniline purple, and it may be oi interest to 
state that it was m Scotland, in the autumn of the same a oar, that lht hrwt txpen- 
mentfi upon the application of this dye io the mts of d>(ing and caheo piinliug 
were made, at l*eitn and Mar\hill 

I need scnrcel) remind you of the wonderful d( iclopmont of thn industry sinco 
tlieu, stoiiig wo now ha>t from th* some sourco cohumng iiintteis capable ot pio- 
ducing not only uH tlio colours of the rainbow, but tlicir C( nibinationfl I wmh, 
lijwoier, to bnoily rofer to the date and origin of tb( prticlmts which ha\e 
sened to buiM up this gieat indiwtry 

It was in 1H2 l» that laradav published in tho ‘ Philosophical TratifHotions liia 
research on the oilv products Kepanited in oompiossiiig oil-gas, nnd described a 
Bubsiance ho obtained from it—a tolritile cdourlees oil, which ht calhd Bicar- 
buixtted Iljdmgeii Mitscheihch some joars afterw'^ards obtained tin sanio sub- 
stnnet from btnroic acid, and ga\e it the name it bears, viz * Be nzol This same 
chemist further obtained from l>n/ol nitrobeiizol, by acting upon it with nitric 
acid Zmiu ofterw arda studied tho action of reducing ag< nta upon intic»b< nzol, aud 
obtained “aniline, which ho at that time ealh4 Benridani 

Again, Pelletier and W alter discoxered the hydrocarbon toluol m DeuUo 

pioducod Its mtro-compound lu 1841 and lloriuann and MuspraU obtained ftom 
this “toluidmt, by tlie pri->ctM used by /inm to reduce nitrobenyol 

I might im ntion other nam^ sm conm Mon with these substances^ such as llimge 
and Ilnvirdorbon, but 1 would now ask, did any of these chemists mnke these 
investigations with tho hope of gam^ was it not mther from tho 1 nc of rescaich, 
and that aloneP and now these products, which were thin practically unless, ore 
the basis of the on dine colours But to go fuither Doebercincr n long while ago 
obtained from alcohol a substance wbiih ho ctilhd “light o\Agen ether,’’ now 
known as aldohjd Gnj-Lussac piodiiccd iodide of ethyl in ]8j'5 Bunina and 
Peligot discos ered thn corresponding eubstanco iodide of methy I in 1836, but, m 
in tb© cases I have previously referr^ to, these bodies hnd no practical value and 
were never prepared but in the laboratory Iloftnnnn, m his resenrehes on tho 
molecular constitution of the volatile organic bases, discovered m 1850 the 
replacement comjiounds of nnihnc containing nlcohol radicals 
All these compounds have now been manufactured on the large scale and used 
in the further development of the industry of these ertiflcud colouiing^matters 
Othei substances might be mentioned, but I think these are Rufficicnt to show 
how tho products of research which, when first digcoverod and for a long period 
atterwardft, were of only scientific mUrest, at loat bccamo of great practical value, 
and It ifl evident that, had not the investigations and discovenev I have referred to 
been modo as they were solely from n love of science, no aniline colours would 
now be known 

Tho colouring^matters I have hitherto spoken of aro nitrogenous, and derived 
from benzol and its homologues There are a few others, liowover, of tho same 
oii^n which contain no nitrogen, but they are of secondarv importance 
I now pass on to another class of colouring-matter, which is obtained from 
anthracene, a coal-tar product diffuing from benzol and toluol in physical chfw 
racers, inasmuch as it is a magnificent crystalline solid 

C ' 0 first colounng-mstter denved from anthracene which I wish to draw your 
tion to is alisann, the pimtipal dyeing agent found m nmdder-root. This 
aubstance was for a long time supposed to be related to nephthalme, mawnuch m 
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phthalic acid can be produced from both of them, and many were the experiments 
made by chemists in this dirtjction , it was not, however until 1808 that this was 
proved to be a nustalio, and its relationship to anthracene was discovered by Graebe 
and Ijicbermaun, who succeeded in preparing this coal-tar product from the natural 
alizarin itself 

Having obtaiutd this important result tht v turned thtir attention further to the 
aubmet, hoping to hnd some pro(o«s by which ali/ann could be produced from 
outnract ne in this they wore soon Huctessiul 

Ihe discovery of the lutiheial iorinatiou ot ah/ann was of great interest, inas¬ 
much ns it was an ither of tho^r instames which Ha\G ot late years become so 
numerous, namely the timiatum ol a \< getable product artihc tally , hut the process 
used by (Tiaibe and Licbeimanu wasol little practu al \nlue, btH^ause too expensive 
for practical purposes 

Tlaving prcMoudy worked on anthraeem d« nvatives,it occurred to me to make 
some expenmeiita on this subject which r*suited in the disc neiy of a process bj 
T^hich the coh uniig matter lould b< tcoiiomirallv produced on the large scale 
Messrs ( aro, Gra< he and T lets ru aun ab mt the s'lmo time obtained similar 
results in Germany, this vns m IHI *) I uith<r investigation during that year 
yielded me a new jiuees^, bv which diehlorantluiieene c mid be usea in 
place of the im ro costly juoduet anthra^uine ne whicli was n'^iuiied by the 
original piooosscs T nuution this, as most of ihc ariihcial aluann used m this 
country up to tho end ol 187 J, and a good deal since, has been prepared by this 
now process 

It was (iheened that when comuu rcial aitihciul alizarin propaicd liom anthra- 
quinono, but moie especially from dichloianthraoem , was used for dyeing, tho 
colemra p^od^cc^d difh red from those dN< d with maddc r or pure ali/arin and many 
persons the refore concluded that theartihc lal col mnng matter was not alizanu at all 
j hia question however, waa w t at rest by separating out tho pure artificial alizanu 
from the commercial pioduct and comparing it with tlie natural alizann. when it 
was found to product exactly the same colours on mordanted fabrics, to have tho 
same composition, to give the same reactions with it agents, and to yield the same 
pioducts on oxidation 

But whilst evnmimug mto this snbjoclit was found that a second coloimug-matter 
was present m the commercial product, and m somewhat largo quantities, especially 
when dichloranthracone had been employed m its preparation, and to this was due 
the diflorcm e m shade of colour iv ferred to 

This substance, when investigated, was found to have the some composition os 
^puipunu, also a c(dounug-matter found in madder, but of very httle value on 
account of the looseness ana dulnoss of some of the colours it produces Ibis nt w 
substance, being derived from anthracene, was named anthrapurpunn, unlike its 
isomer purnurin, however, it is of great value os a coloimng-matter I do not 
think 1 shall be going bejond the results of experience if 1 say at is of as groat 
importance os alizann itself, with alumina mordants it products reds of a more 
scarlet or fiery red than those from ali/arm In fact fw hue are the colours 
pi-oduced that, with ordinary alumma-moidanta on imoiled cotton, it gives results 
nearly equal in bnUiancy to lurke>-red produ<M‘d with madder or garancme, and 
I believe the rapid success of Rrliticial alizarin waa greatly duo to its presence 
Most of that consumed at first was for Turkey-red dyf ing, and the colours wore so 
clear that it was mostly used in combination with madder or garancme, to brighten 
up the colours product by these natunJ products 

The purple colours anthrapurpunn product s with iron mordants are bluer in 
shade than those of alizarin, aud the blacks are very intense Its appUcaUon u 
practically the same as aluann, so that thov c»in be used in combination 

As already noticed, the commercial product calle<l artificial ah/ann ” first 
supplied to the consumer was always a mixture of aluann aud anthrapurpunn, 
and various mixtures ol these two colouring-matters are still sent into the market, 
but, owing to the in^ estigations that have been made aud the study and attention 
that has l^n given to it by manufacturers, noarly pure ahrann aud authrapurnurm 
Aie also sent into the market—the first being known as ** blue-shade alizarin,^ and 
the second as red or “ scarlet aluann * 

1870 , 6 
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The formation of anthrapurpunn m the manufacture of aluarm may to gome 
extent he said to have arisen from a want of knowledge of the true conditions 
required for the production of the latter 

It ifl now well known that alizann ib a dioxyanthraqumone, or, in othor words, 
anthraqumone m which two atoms of hydrogen are replaced by hydroxyl 

C,H,(H0),O, 

—j -^ 

^.nthraquinone iVlizarin 

If we want to intioduce hydroxjl into a comjiound tin ro are &e\eral processes 
which can be used, but I will only lefer to those connected with tlie history of 
this colouring matter 

The first procc'^s winch I will refer to has been used by chemists for a long 
penod It consists in first replacing the hydrogen by brcmiuo and then treating 
the resulting bo ly wilh potassic or other metallic hydrate and according as one, 
two, or more nt< ms or hydrogen have bten replaced by the bromint, so on 
its removal by the metal d the metallu hvdrate a comp und containing a corro- 
spondmg number of at ms of hjdrogeu replace I by hydroxyl is obtained 

Graebe and Licbemiann acted upin this prmcij lo in their expenmonts on the ^ 
artificial formation ot alizarin and as it was necessary to replace two atoms 
of hydrogen in nuthratjuinone, they first of all prepaiod a dibrominated d^riratw^ 
called dibiomanthraquinone, 

r ,ICRr,0, 

By decomposing this with potassic hydrnt-e at a high temperature they obtained a 
iioUt-colouied product, winch whrn acidified to remove the alkali gave a yellow 
precipitate of alizann, 

1 he second process I w ish to speak if f w the replacoinent of hydrogen by hydroxyl 
in a compound is by converting it into a sulpho acid (usually by means of sulphunc 
acid) aud subsequently doconiposing this with pota«»8ic or other hydrate and 
according os a mono or disulpho aeil is tinplojed it ynlds on decomposition a 
compound with one or two atoms of hydrogen replaced by hydroxjl 

The discovery of sulpho-acida of anthra<j^iunone, and their use in place of the 
brominated derivative originally employed by Graebe and Liebtrmann, constituted 
the great improvement in the niRnuiacture of alizarin already rtferred to 

From what has just been stated, it was naturally supposed that a disulpho- 
acid of anthraqumone would bo required to produce alizann and this was believed 
to be the cose for somo time, but furtlier expenments have proved it to be a 
mistake, and shown that the monosulpho acid is required to produce alizarin, the 
disulpho-acid yielding anthrapurpurin 

But how are wo to explain this apparent anomaly P It would take up too much 
time to enter into a discussion respecting the constitution of the sulpno-acids of 
anthraqumone in reference to the position of the 1180, gr mps I will therefore 
confine my remarks to their decomposition 

Monosulphoanthraquinonic acid, 

o„ii,(nso,)o„ 

when heated strongly with caustic alkali, ns potassic or sodic hydrate, decomposee 
in the ordinary way, and we get monoi^ anthraqumone, * 

o,*ii,(no)o„ 

which 16 a yellow body possessing no dyeing properties On l\irther treating this, 
however, with caustic alkali it changes, being ojndized, and yields alizann, 

CnH.(H0),O, 

Duulphoanthraqamonio acid, 

o,.n,(uso,)o„ 

^ when gubjected to the influence of caustic alkah, at first changes into an mtemiediate 
acid, 


0,,n,(H0)(IIS0.)0„ 



TttANSACTtONS OV THK BECTIOMS 


59 


and then into a dioxjanthiaquinone, 

c„n,(HO),o,, 

now known as “ laoanthraflavic acid ’—a substanco having tlu samo compowtion 
aa ahmin, but being only an leotner of that body and pO'^aeBBing no athnitv for 
moidantfi, like monoxyanthraquinone, however, when further huiUd with alkali 
it becomes oxidi/ed and yields a colounng-matter, which is authrapurpunn, 

Looking at these reactions, it appears rather reniaikablo that Ciraebe and 

I leberinann Mhould have succeeded in preparing alizarin from dibromanthraquinono 
It can only be ixplained ou the assumption that the hydrogtn atoms replatt^ in the 
difliilpho-acidai’e aifft n nt m position from those replaced in thedibromanthraquinone, 
and of course it is possible that adisulpho acid isomeric with that now known may 
be discovered that will yield alizann as a first product on tuatnieut with nJkali 

In the reaction whuh takes place when nionoxj anthr'iquinouo or isoanthraflavnc 
acid become oxidizt d and change into alizarin and anthrapurpurm nascent hydrogen 
IS formed , and this causes a reieiso action to takt place—ordinary anthroquinone, 
or Its hvdrogen derivative Uing forimd, and a loss of colouring matter resulting 
^ email amoimt of pola8*iic chlorate is now used with th( caustic alkab, lust sum- 
TO^t to ovorcomo the reducing action, which has resulted in an increased yield of 
colounng-matteT, the percinlage obtmned being now not very much below the 
theoretical quantity 

^Vhen the process for making commtrcial artificial alizaiin by treating anthra- 
qninone with sulphuric acid was hmt adopted, the product from that treatment was 
a mixture of the mono and disulpho-ncids of anthmquinoue Consequently the 
colounng-mattor prepared in this niann^i was a mixture of alizonn and nnthrapur- 
punn, and the reason wh> dichloranthracc no, when mt d in place of anthraquinoue, 
yields a product v ory nch m anthrnpurpimn, is on account of the readiness with 
which it tbrnis a disnlpho acid ol dicnloranthracene, which afterwords changes into 
the disnlpho acid ot nnthniqinuone 

At first it was supp ised by many that the quantity of coal-tar produced would 
not yield a sufficient supply of anf nmee ne for ibo manufacture of artificial alizann 
Experience ha«, however, provi d that this supposition was groundless, os now the 
supply is greater than the demand 

Moreover some very interesting experiments have lately been mad*, by which 
anthroquinone and its donvativo^ have neen obtained without the use of aDtnracene 
The most intere'itmg are those m which phthalic anhydride is employed with 
beozolic denvatives, for example, this anhydride gives with hydroquinono a 
colounng-niaiter having the same composition, as well as most of the olhei 
properties of ahzai m It is called qmmzann Baeyer and Caro have also obtained 

II om phthabc anhjdndo and phenol oxyanthraquinone, and by using pvrocntechm 
in place ol phenol they got alizann itself 

Although these products have not been obtained m sufficient quoutitiea by 
these processes to be of any practical value, we do not know what further rosearen 
may do Already one of the substances used is being prepared on the large scale for 
the manufacture of that beautiful colounng-matter “ cosine, ’ I reft r to phthahe 
anhydride 

Now, with reference to the origin of the products which are used for the manu¬ 
facture of artificial alizann, we find the first researches made in reference to 
anthracene were by Dumas and Laurent m 1832, subsequently Laurent further 
worked upon this subject, and bbtainod, by the oxidation of this hydrocarbon, a 
■ubstanoe which he called antbracenuse, he also obtained dichlorantnraceno Dr 
Anderson also made on investigation on anthracene and its compounds m 1863, and 
assigned to it its correct formula, he reexamined its oxidation-product, wnioh 
Laurent called antbracenuse, and named it oxyanthracene, the substance we now 
know as anthraquinoue 

All these substances were without any practical value until 1868, but we now 
find them of the greatest importance, ana used daily in immense (niontitiofl 

But to bring out more clearly the practical importance of these Iruits of scientific 
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reflearch, it 'vnll bo well perliaj)« to see what has been their influence on the colour- 
xng-malterft which were m use before them, and also the extent of their present 
consumption 

Ihe influence of the so-called aniline colours on dye woods, &c has been 
remarkably small It h true that at iirst magtnta had a depreciating^ influence 
upon (tKhineal, but this has passed away, ana now the consumption of that dye 
w as gieat as ever, ceitamly its price is much lower than it uatd to be, but this is 
duo U) a variety of lausta, esj»c<ially the ^freal incieaso in llio cultivation ol the 
insect at Tcuerifie Vnd perhaps tins want of inflii net is not so \ery remarkable, 
when wo consider tho aniline colours are entirely new pioducts. differing in com- 
^sition and propoities firm tho old colouiiiifj matters, and Ineiefore could only 
ui^loce them to a certain e\toat 

llut whilst this IS the t^isc, the aniline colours have been moie and more us*d, 
until at present it is coinputi d that their annual sale in tho I mted Kingdom and 
on the Continent excc^la CJ,000 (XX) Ihis is piobably due to now applications 
and increase of trade 

When, however we come to consider the mil no nee id tUi anthracene colours 
alizanu and anthrapuipuun more generally known as ^ ajiihciol aluann, we had 
we ha\6 a ver> different tale to tell 

Hero, in tho cose of ali/ann we have a competition not betwoi n two colounng- 
mattera, but the aamt from diff lent souices—the old souri e being the madder- 
root, the new om coal tar And when wt intr nluce the ii nsuleiation of outhra- 

] urpiinn which produits such magnihcout reds much bright^. / ___ 

ordinary purpuiiu we son we have n t only a leplacement but an improvement, 
so that those new colouiing matUrs thnw the olil < ms into tho bhade I he pio- 
diicta being purer, the cloaiiiig processes for giods d)cd with thorn are also 
necessarily i asier and simpler 

It will be interesting to examine into tho statistics of the madder and garancm 
trade m a biicf miuiuer, to si o what has l^eeii tho influence of umhcial alizarin on 
their consumption Ihe followiug figures are mostly calculati d from the Board of- 
Tradc returns 

Dujiiig the ten yeois immediately pieceding the introduction of artificial alizaim 
the average annual imports of madder into the United Kingdom were 15,202 tons, 
and of garancm 2278 tons i stimating the value of the former at £2 2« Od , aud 
tho latter at £8 per cwt, which were about the aveiogo prices during that period, 
the annual value in rcimd numbers was about one milh m sterling 

Tho introduction of artificial ali/ann, however, has so mflucnced the value of 
madder that its price is now less than one half, and thus a saving of over hall a 
nullion steiLug per annum has been oflected to the mauufttctuiois of the UmUjd 
Kingdom, one half of whiih may be put down to Glasgow 

So much for its effect m reducing prices, but what has hteu its influence on the 
consumption of those dyc^-stulls P 

I have already stated the average quinhty of these substances imported per 
annum prior to the discoveiy ol the arlihiial product, and will now compare it 
with the imports of last year and this lhat for the present year of course will be 
an estimatoci quantity, and calculated from the retiuus for the tirst seven months 



Average annual imports 


1850 1868 

1875 1870 


tons 

tons tons 

Madder 

15,2*12 

5014 8663 

Garancm 

2,270 

1203 013 


These figures speak for themsi Ivos 

The money value, which was formerly £1,000,000 per annum, is now, cal¬ 
culating from the estimated quantity for the year, only £ld8 105, say £140.000, 
taking garancm at £4 per cwt ana madder at £1 per cwt, prices olightly in 
excess of their piesent value 

At the present prices the cultivation of madder-roots is unremunerative, and 
It IS to be expected that madder-growing will soon be a thing of the past, thousandc 
of acres of loud being at the some tune liberated for the growth of those produota 
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we cannot produce arbhoially, and without which we cannot exint The quantity 
of madder gfpown in all the maddor-^owing coimtnea of the world prior to 1868 
waa eaUmnted te be 70,000 tons j>er annum, and at the preeent time the artificial 
colour 18 manufaotiired to an extent equivalent to GO 000 tonn, or more than two 
thirdfl of the quantity grtwn whin ita cultivation had reached its highest point 
I might have referred to other Bub]ecta besides the coal tar colours whu h have 
resulted from scientific rescan h, but 1 know of no other of such interest and 
magnitude rroni the bnef history I have given, we see that the origin of theso 
coiouriiig-raatti rs is entiri ly the fruit of many n searches made quit* independently 
by different chemists who worked at thtm witiiout any kuowledgi of thiir future 
impoitaiue, and on looking at the rtsearches whith have thus culminated in this 
industry it is inti resting t ^ uotico that many, if not most of th( m, were conducted 
for the purpose of elucidating some theoretical point 

IhiBti facts certainl} ought bi a gieat mumingiim nt to chi mists, and stimu¬ 
late them to gri ater aLtintv It woiild ts viry pi asing to sie more work tma- 
nating from the chemical SLh ^ols ol tht United Kingdom and 1 think no student 
fdiould consider his chi mual ciiiiic dam tinished until he has ci nductcdaii ongmnl 
nscarih 1 ho knowledge c htamed h> agmitil loursi ot uistiiuUon is of course 
of very greii vjUuc but a go d dtul f it is camtd on b\ rule In usiaich, how¬ 
ever, we have to depend upon the exertisi ol t nrjmlpjmnit and in fact ut all our 
faculties, and a stiidi nt having t udui Ud even uni under the guidance of an 
efiiciint director, will hud that he has aiquind aq amount <t cxpcneucu and 
knowledge which will be of the greatest value to him afU rwai-ds 

It IS noped tbeso remarks will inioiirage }oung cbemisls to patiently and 
earnestly work at whatcvei subject thej may undertake, knowing that their results, 
elthougn. somotiines apparently only of small interest, itiaj lontiun the genu of 
something of great scientific or praclual importance or may, like a kt>stone m 
on furch, coniplote sonio subject which before was fiagmentary and useless 


On a Safe and Rapid Evapo) aiia^-pan B\f F H T Ati<n 

In the course of vaiious chemical mamifoctures there is sometimes met the diffi^ 
culty of products and apparatus being iniiired or d« stroked in the process of rapid 
evaporation 1^ the salts settling to tlie bottom of tho pan, and there becoming a 
Bohd mass This j>an is intend* d as an effort to overcome that difficulty 

Besides attempting to ci lupass the evaporation of the lejs or other fliuds sa/i 
from the danger of di position upon the heating surface, it also provides for the 
rqptd evaporation orrho fluids, with rowtuiwoiis action in the pan, and tho nai/y 
rtunnwl of the solids when formed 1 o attain these sev eral ends, the form to be de¬ 
scribed has been found nooesaary Ihe pan may bo made of boilt r-plate, and about 
30 feet long, by 10 feet broad, and 0 feet high Tho heating surfaoo is supplied by 
two flues of a V-shape carried through tho fluid from out end of the pan to tho 
other The acutest angle of the V is downward, and within 2 fi ct of the bottom 
of the pan This form of bent-source whilst raising tho teiuneiature to boiling-* 
point and effectually kcepmg it there, offers no resting place for cescending particles, 
and consequently the salts on separating fall to the nottom of the pan and ther» 
accumulate Now the appaiatue is so arranged that tho bottom elopes in one or 
more direcUons, the salts gather in tht deepest parts, and suitable outlets that may 
be dosed at pleasure being provided m the sides, they gravitate outwards into 
^per receptacles Car© must bo taken that sufficient solids ore left m to occupy 
ihe outlets, and the passage of fluids then by proventod 

The upper part of the V-shaped fluo is covired in its whole length and biMth 
by on airwshamber of iron filtea with pipes or other arrangement passing into the 
hquid, whereby the air heated from the waste heat of the flue is fon ed into the 
boiling bquid, and there materially increases the rapidity of the evaporation 

For the pmqiose of utiluing any heat that may escape fVoni the air-chamber & 
•mall pan occupies its upper surface On this subsidiary pan the liquid may be 
boiled to nearly eolUng-ptunt, and then allowed to flow into the salting^down pan^ 
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tka tmiUar one being teplemabed with weak iKjuor A limited supplr of air maj 
be introdneed {nto the eecond pan, and evaporation proceeds verv rapidly 
The bquor in the pane need never lose level, hecauee, ae salte paM from below 
and eteam from above contmuously, it is continuouBly replaced by liquor flowinar m, 
the auvpipea may therefore be only two or three inchee below the eurtace of the fluid 
The premure thus being not great^ an ordinary fan will be sufficient to force the air 
through for evaporation 


On Sewag6 Pnnjlvation atid Utthzati07\ 


On n new J ohatc Batten/ BgE 


B?/ J UvNw 
W Bioofl 


fJn the Action of Peniachltnde of Pkoepfioru^i on Turpentnie 
Bi/ Pi of CiiuM PnowTf 


Noit on Atifhraane festtiig Bg J\b 1 Buown 

In the eariiM* days of anthracene manufacture, when it was obtained solely from 
the last TunnmoB of oil, and when the distillation was stopped comparatively early 
for the double leason of saiing the bottoms of the stills and producing a good 
marketable pitch the principal solid impunties were naphthalene, phenanthrene, 
and paraffin W ith samples of this description the method of testing by agitation, 
after washing with petroleum spirit with a limited oimatity of bisulphiae oi carbon 
gives approximate and practically ueoliil results When however the demand for 
anthracene increased, the tiuMbstillere found it more advantageous to cany on the 
diHtiiJattou as far as possible only stopping just before the point at whicn coking 
commenced This method of working giies an entirely different variety of crude 
anthracene, vu one m which the principal solid impurities have higher boiling 
points than anthracene Those bisulphide of carbon fails to remove, that teit 
therefor^ with these samples, ceases to give true indications of their commercial 
value To correct this the aninrakinone test was introduced and was judging from 
the terms in which it was proposed, looked upon as applicable to au commercial 
anthracenes The appendix to the paper soon followed and showed that expeneno* 
had not confirmed tnose anticipations, and now the kinone produced requires to be 
tested as to its punty, as the result is by no means definite In applying the kmone 
test to commercial samples various minor difficulties occur, one of which is that 
damp samples of anthracene are apt to lose moisture during the time that is occu¬ 
pied in reducing them to a sufficient degree of hneness to lulow the small quantity 
of I gramme to be a correct sample of the bulk, and another and more serious one 
u the uncertainty caused by the occasional occurrence of accidental impurities in 
the quantity weighed out To remedy these defects end facilitate the testing, the 
author proposes tne following modification — 

Weig‘h out fiO grammes of the crude anthracene, and measure out 260 oubie 
Cftntuns of petroleum apmt, tniurate the anthracene m a mortar with a sufficient 
quantity of the spint to form a thin cream, and pour it on a weighed filter (taking 
care at the same time to leave in the mortar any f^it or sand which may be present) f 
rinse on to the filter any anthracene which may be round the aides of the mortar, 
and employ the remainder of the apint in washing the filter and its contents* 
Allow it to dram, then fold it carefuUv, press between bibulous paper, dry at about 
0(f-80° C , and weigh Onish to a fine powder the contents of the filter, and from 
that quantity weigh out the gramme required for the kinono test, then proceed In 
the usual manner In calculating the result allowance must of course be made for 
the diminution in weight caused by washing the crude sample with petioleum 

le method proposed in the foregoing short note does not claim for Itself theo« 
rctical ooeuracy, but it claims the following advantages —, 
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lit It affordfl a ready method of deteotii^ aiMl aeparatiiig extraaeom matter, 
auch aa gnt^ gond, shreds of canvas, or splinters of wood, all of which are liable to 
occur even in good anthracone. 

2Dd. The prehminary washing produces a dry powder of perfect umfortuity, from 
which it IB easy to weigh out a small quantity. 

3rd. The preliminary washing removes, beside others, the fjroater part of two 
important impurities, one of wluch, viz. paraffin, defies the kmone test, and the 
other, VIZ phenanthrene, is not, if prosant lu largo quantities, coinpletelj oxidized 
under a considerublo time. 

4th. By removing a large proportion of the impurity beforehand the oxidation 
proceeds more quietly, and the kmone obttunod is more crystal!me and freer from 
chromium compounds. 


On noine Imtrumcnts used in the ' CTuillenrjer,^ Bt/ J. Y. Bctchanajt, 


On Ammomc Sele^\iocyanule, By Dr. CAUURoy, 


On a Oas-condensifuj Machnie for the Ltciuefaetton of Gases by combined cold 
and pressurOf recently employed m the manufacture of Yolatde Liquid Hy^ 
drocarhons. By J. S. Coleman, F C\S, 

This paper gives a r6mm4 of the author's paper on the effects of pressure and 
cold upon the gaseous produtta of the distillation of shales, read to tne Chemical 
Society, Soptenioer lH7o. 

It then enters into certain thermodynamical questions relating to the best method 
of obtaining cold from a compressed gas, so as to utilize the cold produced m ex¬ 
pansion, to supplement the onect produced by simple pressure 

It then describes the engimnjnng arrangements finally adopted for dealing with 
250,000 feet of gas daily at the works of Messrs Young & Co , on the principle of 
the drawing exhibited The diagrams used were enlargements of the actual uraw- 
ingt of ^0 machine aa erected, and showed all the precautions found neoeaeary 
is actual oonstruction. The working of the machine, which gives, aa a maximuou 
2000 gallons per week, during the last tliree months was disenbed, and aamplaa 
of the product exhibited burning in Laidlaw's air-gas apparatus. 


Experimental Researches on the Chemical Treatment of Town ExcrUton, 
By J. S. Coleman, 


On the Transformation of Chxnoline into Amline. By Prof. Djswak, FM^,EL 


On the Proximate Analysis of OoaUOas, — Eemarli^s on EebouTs Pe^r M 
Pyr<h Tartaric Acid By W. DirritAB. 


On an Apparatus for the Analysis of Impurities in the Atmosphere. 
%E.M. Dixon. 


On PirerBrklc. By J. Dunsiooih. 


On WhUe-Lead. By A. r»B 0 rssoN, 
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On the Phy$iohgtcal Action of Pyro-y Meia-y and Ortho^phosphonc Aad$» 
By Prof. Gamgbb^ F,E.S, 


On the Influence of the Condition and Quantity of the Negative Element on the 
Action of the Copper-Zmc Couple By Proiossor Gladstone, F R,S, 


On Solid Water, By Prof. G uthbie, F R,S, 


On the Critical Jbint of Liffuid Caihonvc And irt Minerals 
By W, N Hartlet. 


History of Coj^per-eviidctton hy the Wet Way 
By AViixiam HranvitftON 

In this papor tho author TPhitt*d iho hiHtory of tho introduction of those prorosaea 
nnd their eKtablitiliuient lu this ooiiuti) and abroad , he dtisonbed the various stages 
of tho manuhicture of Spanish cupreous p^uites bv his procosses , ho also deecnbod 
and illustratod by Hpotimens the recent modifications intioduced for improving the 
(quality of the copper, and at the sain^ tiiuo aepamtiug the small quantity of lead, 
mher, and gold always present in Hpamsh pyrit<‘s 


On the Jhu fflcation of the Clyde, By C’oL Hope, V 0, 


On the Limited Oxidation of Terpenes —Part IV.* 

7?y Charles T Kingzeit, F.C S , 

In thifl part of bis resoarrhes the author hos more particularly inquired into 
the phenomeua attoudant upou the atmoMihenc oxidation of turpentine in the pre- 
«ence of water I'hese plienomeua may b<‘ stated as — 

(«) Increase of the specific gravity of the oil aa tlm oxidation proceeds 
(i) Gradual mcreaso m the amount of peroxide of hydrogen produced, or the rate 
fit which it forms 

g Groduivl heightening of the boiling-point of tho oil aa it oxidizes. 

0 oxidation, which tahes place slowly at first, proceeds very actively after¬ 
wards, and ilie oil thus under treatment is capable of inducing fresh turpentine, 
which may be added to undergo oxidation at the same rate from the moment of 
contacti 

Tho oxidized oil evolves laive quantities of oxv^^en on heating to near IGO^ 0,, 
and this oxygen is doubUoss derived from camphoric peroxide. To the same sub¬ 
stance the author assumes to be due the camphoric acid and peroxide of hydiogen 
found in the a(iueouti solution that results from Us decomposition with water. 

There ere contained also in the watery solution obtained when tuipentine ia 
atmospherically oxidised in the presence of water, acetic acid, camphor, «c Thus 
a solution obtained in one expemuent upon several gallons of turpentine contained 
323 grains of peroxide of h> drogen and »‘W57 grains of camphonc and acetic acids. 
The amount or peroxide of hydrogen produced is simply limited by the amount of 
turoentine oxidized, and can oe regulated at will. 

This aqueous solution the author has proved to possess most powerful charactera 
as an antiseptic and disinfectant, and contiuned investigations have shown these 
characters to be possessed by the individual constituents of the solution, vii. cam- 

A Frintod extmeo m Ohem Tfewi, to) xxzjy. pp 127 & 135, and in Pharm. JourHi 
bopt 23. 1870. 
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phone acid, peroxide of hydre^n, l j. In the last part of his research the author 
has resumed the thread of hw researches proviouslv published, and found that 
menthene (0.. TI]h)) 'whether derived from solid or liquid Japan camphor (by the 
action of ZnClj), produces, on atmospboric oxidation, among other booios peroxide 
of hydrog^'n, acetic and fomuc acids, &c Now Wngiit (Journ. Chem Soc, ser, 2, 
xol XIV p* 2) has obtained from menthene, the action of bromine, cymene, and 
«o the conclusion stated lu the author’s previous papers that all hydrocarbons con¬ 
taining cymene as a proximate nucleus give peroxide of hydrogen on oxidation is 
oonfirmea. 

Wright has also failed to obtain cymene (0,o IIj^) from clove terpene 
a result in accordance with the author’s obsenations previously made to the same 
effect. 

The author has submitted the others also to ahnosphenc oxidation, and in this 
way results ha\ e been obtained winch are of the greatest interest and importance, 

Ethyhc ether j|“ | O absoibs oxygen even in the cold, but more readily in sun¬ 
shine, and gives nse lu the presence of water to peroxide of hydrogen, which may 
result from reactions represented by Iho following equations — 


(1) 

12) 

(3) 


vln} 

C,H.O 

(.1 

C,H ,0 
C 


C.U.O 

OJI. 


[ 0 + 11 , 0 , 


lulo\ 0 ,+ 2 lI,U=<^^{{'^} 0 +^'>{J> 0 } o+H,o.: 


or (♦*!) may be written thus*— 

CH.OOOl .HIIOJ 
OH.COOf +HKOf 


ciL coon 
*011300011 



That IS to say, the other may, in thehrst place, become acetic ether and eliminate 
water; aecondly, the ocotic ether may become anhydride, and the latter may be 
finally converted into peroxide. This peroxide, being unstable in the presence of 
water, splits up into acetic acid and peroxide of hv'drogen 
These results are confirmed by the fact that Brodio discovered acetic peroxide 
by acting on acotic anhydride with banc dioxide 
"These equations are, moreover, exactly parallel with those indicated by the author 
as representing the production of hydne peroxide from turpentine, and it is to their 
au^tantiation that his oflorts in the future will be directed. Meanwhile he clairuB 
that they expenmeutally demonstrate clearly for the first time the existence of the 
radical nydroxyl in combination, and, in abort, the production of peroxide of 
hydrogen in the way desenbed amounts to the isolation of hydroxyl in combination 
with itaelf. 


On two new If^droearbons from Turpentine, A, C. Lktw, 


On Soda Manufacture, By J. Mxctf.ar, 


On ^ poegUde Genestg of ths Chemical Klementi out of a Homoyeneoug Cogmio 
Gag or Common Vapour of Matter By Br, Mac vicar, F,R,S,K 

On Eggential Oil —Bart I.* By M. M. PATnsoN Muir, FJISE. 

Thifl oil has a yollow-brown ctdour, without any shade of green, a strong aa^-lihe 
odour, and a hot burning taste. Its reaction is neutral. Soge-oil does not deposit 

* Published in the Year-book of Pharmacy, 187ft, p. OftO 
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Any Aohd matter nor reain after standmg^ for some months exposed to air, neither 
does its reaction alter The oil rapidly absorbs oxygen from air It is most ener¬ 
getically acted upon by strong nitnc acid also by sulphuric acid which appears to 
polymerize some of the (onstitm nts of the oil 1 lydrochloric acid gas proauces one 
or perhaps two liquids hut no solid chlorhydrates these are scarcely if at all, de- 
compOAM by prolonged agvtalation with warm water The speciflr gravitY of sage- 
Oil IS 0 9339 at 14® C After piolongod fraction at k n the oil splits up mto four mam 
portions—two liquids, almost certainly teipenes, boihng respictnelv at lf>7°and at 
197^ C , a bquia, probably containing oxygen boiling at 108° and a solid 

camphor melting at 187° C Ihe terpcnes both appear contam cymene as by 
treatment with sulphuric acid the liquid being care fully kept cold, and distillation 
in steam C} mono is obtained 1 hese terpen s yield brominated c impounds, which 
split up, on distillation into hydrobromic acid a nd cymene the bronimated compound 
from tne lower boiling terpeiie is much more staole however than that from the 
terpene of higher boiling ^int. For the oxygenized liquid ronstituont of the oil 
the name of imviol is proposed Ihe terpenoa both yield terephthahe acid on oxidar 
tion with weak chromic liquor 


On the action of Dilute Saline Sohittons upon Lead* 

BjUM Wmiiov Uvm, F li S L 

After generalumg former results the author desenbos oxpenmenU earned out 
under larying condition** which stem to proic — 

(^l) That increase of surface of lead exposed is generally associated with increase 
of lead disaohed This conclusion does not, however, invariably hold good, the 
natiue of the salt in solution, the time of action, &.c influence the action 

f2) That exposure of lame surfaces of liquid to the surrounding air very gene¬ 
rally causes an increase in the ouantity of lead dissolved, this increase being moat 
marked in the case of those salts (nitrates &c ) whicli enable water to txercise a 
notable solvent action upon lead, and after the expiry of lengthened peno^^ of 
time 

(3) That the solvent action of dilute saline solutions upon lead increases in an 
ever-increasing ratio with increase of timeof action (longest period tned « 606 hours), 
except m the case of pt tassium carbonate solutions, where a point of maximum 
action appears to bo reached after the expiry of about 340 hours 


On certain Cofn2>ound3 of Btsmutlif By M M Pattisow Muir, FUSE 

In this paper the following salts of bismuth are desenbed — 

Bwnvtious tnehionde and ^rt 6 rofntde the action of h>dro^gen upon these aalta 
18 detailed Attempts to prepare a chlondo higher than Jli 01 which led to no 

n ave results, are described Ammonto bmmtthous tnb/o?mdce Bi Br, 3 NII„ 
r. 2Nn„ and 2 BiBrg 6NIT, bmnuthi/l oxyhiomidtSf Bi^Br .0 , and Bi,, Br^ 
(),g, hiemuthtc brotno^tnfndey BiN.Br hypobteuiu/hui lofdidUy BijO. II 3 O, and 
a number of chromates of bismuth, the principal of which are — chromaUy 
(BiO)aCrO^, rficA? ornate, (BiO)^OrjO^, dieW- 

watCj {BiO)a tr^O^ wd monohydraied btsmutAyl tetrgehromatej (feO),Cr 4 


On Relahons among the Atomic Weights of ihe Elm&its 
By J. A E NEWLAinw 


On the Alum Process in Sugar~rejinvng By J A E NswrAims 


* Vide Proo Manch lat and Phil Soo 1876-77, pp 1 & 142 
t Joum Chem Soo vol i 1876 p 144, T<d, n p and rol i 1877, p 24 
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Oil Sugar, Bg T. 1. Patthmoit, 


HoU on some ^lew Anthracene Compounds. By "W, JT Pfrkin, F B.S. 

A very dilute solution of antbwcene in carbon disulphide^ when cooled to (P C. 
and treated with bromine, yields an addition product, a “ dibromide of anthracene/’ 
On It U9 a very unstable body, rapial^ decomposing at the ordinsiy tem¬ 

perature ot the air, with evolution of hyoFobromic acid, when heated it also gives oiF 
this acid, and is converted into monobromanthracene, 0,^ 11^ Br. 

If chlorine be used in place of bromine, a ’^dichloride of anthracene,” C.^ Hk, 01^, 
IS produced, which is even loss stable than the corresponding dibromiae; when 
heated it decomposes and yields monochloranthraceno, C,^ Hj, Cl. 


On PicoUne and \is Derivatives’^, By William Kvmbat, Ph.l), 

The following salts of picolme were prepared —* 

The hydrocldonde^ deliq^uescent, melting at KKP 0 

The hydrohrmmde^ molting at 187®. These two salts may be crystallired from 
impure picoline. 

The aibromxde of pxrolmc hydrob) omiile —Prepared by treating the hydrobromide 
with bromine, ft forms golden-yellow scales, and melts at 80®. It is sparingly 
soluble in water 

The diiodide of pxcdliue hydrlodide — Formed when picolme hydriodide is distilled. 
Reddish-brown crystals, which molt when brought in contact with water, soluble 
m alcohol and in ether. Melting-pomt 

The formula of Anderson’s trichloronicoline hydrochlondo is disputed, both from 
the results of analysis, from its mcthoa of preparation, and from its properties It 
appears to be a hypochlorite, and to contain the group ^ Cl) TIio white powder 
to which Anderson ascribes the formula 0*, H 4 Cl, N. iICl is a product of the action 
of water on an oil obtamed by projecting picoline into chlorine gas ^ 

Picokne dxhromuley N Br,, formea by the action of a solution of bromine 
in chloroform on picolme, and 

Ftcohne vodochloadey H- N. Cl I, prepared in a similar manner, are crystalline 
fiolids The halogens, thenuore, act on picolme to form at least four distinct sub- 
fitances — 1 , a direct addition compound containing picoline plus two atoms of halo¬ 
gen , 2 , a substitution compound which undergoes alteration when brought iu con¬ 
tact with water, 3, a salt of the halogen acid, and 4. an addition-product con¬ 
taining two atoms of the halogen combined with the haloid salt. 

The/errocyamdc forms white ocystals. 

The platinorymide consists of Urge palo yellow rhomboids. It crystalbzes with 
4IL O. 

The tartrate forms long white needles. 

The oxtrate is uncrystallizable 

The phosphate is a white deli(][uescent crystalline mass. 

The chlorate forms very thm diamond-shaped crystals. 

The following compounds with alcohol radicals were prepared 

The ms^yl lotfwfo, by mixing equivalent quantities of methyl iodide and pico¬ 
line. Long white neeales, which melt at 22(r A-227®. 

The methyl chlonde is an extremely deliquescent salt, end crystalliies from alcohol 
in needles. 

The fnethyl nitrate forms large transparent prisms. 

The methyl hydrate^ prepare by means of moist silver oxide, rapidly beoomw 
discoloured in the air, and when acted on, first with bromine, then with ammonia, 
assumes a rod colour. No methylamine was eroh-ed on boiling its aqueous solu¬ 
tion. 

The duxodide of the methyl tWwfe, C, H, N (Ollal) I,, crystallises from alcohol in 
Vide Phil Mag 1876, toI. ii p 269. 
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feathery h^^Bh-black orystaU It is prepared by dissolving iodine m an alooholio 
solution of the methyl iodide 

The ethyl xadule is analogous to the methyl iodide , and the ethyl hydiate gives 
a similar reaction with bromine and ammonia 

Ihe ^hette bromide forms small hard which melt at about 27(P The 

etbene chloride crystaJlizoa from alcohol in needles 

FifoUtie allyl conywinid^ are all sirups, with exception of the platino-chlonde 
The h\diate is more stable than the methyl etliyl, or etln ne hydrates, and after 
evaporation at 100^ diHsolvos in alcohol with a brilliant purple colour, which may 
be communicated to silk 

Aa picoline is not decompc^ed by potanh in any firm, it rannot be a nitrile or a 
carboniue It is not alterc d by bang passed through a red-hot tube tilled with 
bme or lead p( roxide Boiling sulphuric acid and uitnc acid or a mixture of both, 
have no action on picoline, but when the nitrate is heated it undergoes comploto 
decomposition into carbonic acid and probably water 

Picoline probably does not contain a nielhvl group, for on oxidation it >ield3 
Dewars pvndeae dicarb inic acid Tins acid is nit derived from lutidiue, as was 
supposed by AA right I xj enraents to prepare the ald( hydo and alcohol from 
dicarbo'pyridenu acid lead to a prospei t oi success , and from the alcohol true 
methyl pyridine may possibly be obtaiuod 


On Gliiinnum^ ^ts Atomu Wevfht and Spenjic Iltat, 
By Z Lst>RsoN Hi YNOLOri, M D 


Oil tliQ Uidization of Sev aye By ^ C Sili 


Oil the Action of Hydnodtc Acid on nuvtd Athers of the General Formula 
CaUj„+i + 0 CHj* D Silva 


On t^odium By Awdlkson Sjuttu 


On the Manufacture of Iodine’^ By Edw\rd C C Stanford, F C S 

The author gives an interesting account of this manufactme, which in Great 
Britain is conhned to Glasgow and its neighbourhood lie gives a rieufni of the 
remarkable fluctuations in the price of iodine, and also of the changes in the uses 
of kelp, or sea-weed ash, from its first manufacture about a hundred years ago to 
the present time He traces its use from the beginning of the present century, 
when it was the principal source of alkali, and when Scotland alone producea 
20,000 tons annually, worth £20 to £22 per ton Dunng the following^ years 
the importation of barilla reduced the price of kelp to £10 per ton Then the 
removal of the duty on barilla, followed by that on salt reduced it fUrtbor to £3 
per ton, and in J831 to oven £2 per ton In 1846 the manufacture of lodme com¬ 
menced and kelp was again (n eemand The imports aud prices are shown lu tho 
following table (P 09) 

It was impossible to give the imports of kelp earlier than 1846, as this table was 
obtained with difficulty from indirect sources, the Clyde trust having disposed of 
their books previous to 1869, thus rendering the early history of this mteresting 
sul^ect at present inaccessible fur statistics 

t it IS shown that a large uumbor of makers of lodme m Glasgow at that tune liad 
6n now reduced to three 


* Vide Oompt Eenil \xxxi pp 323 325 
t Publwbed tn exteneo in the ‘Obomioal News,* 1877 
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The working of kelp for i kIido la mmutely dt»cnbed; with the remark that all 
the text hooka on the aubject deacnbe only processes aod apparatus abandoned by 
manufacturers many years ago The large pn duction of lodme which may be 
expected from the uhihan caliche is fully imostigated and it is shown that the 
possible production far exceeds the utmost output of Great Britain and France. but 
there are difficulties in the manufacture which have hitherto prevented very lairge 
imjMrts from this source 

The quantities of iodine in so\ erol species of sea weed, and from a large num¬ 
ber of anal) ses of specimens from all ports of the coast, are tabulated The author 
shows that all sea weeds contain iodine, but few contain it in the quantity worth 
working 

These ore the deep sea al^ exclusively 

Ills own researches are alludod to (Souety of Arts, Silver Modal, Feb 14,1862) 
in reference to the great loss of iodine m the present wasteful method of burning 
kelp, and hw suggested improvement of collecting the m inter tangle, now generally 
wasted^ and distillmg it in closed retorts, is described The sea weed is thus con¬ 
verted into charcoal (which remains m the retorts), and ammoniacal liquor, and tar 
condensed m suitable condensers, and gas, which is used to light the works 

The gas hquor yields ammoma and acetic acid From the charcoal, the salts of 
potassium and sodium, with iodides and bromides, are easily washed out, and a 
residual charcoal is obtained which resembles that m>m bones This charcoal is 
fully equal to animal charcoal as a decoloruer and deodonier, and can be very 
cheaply obtained 

The manufacture affords winter employment to a large and indigent population 
in the winter, when they most need it It has been earned out on a large scale m 
some of Ihe outward Hebrides, and Has quadrupled the produce of iodine and 
greatly benefited the people. 


On Ltad by cAs Zinc Process By J SxonnABT 


On the Atomicity of Oxygm and on the Constitution of Baste Salts, 
By J JoHjfsxoira Sto»bt, FB S 


On Zinc, By D SwAK. 
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On the Prevention of the Polluiton of Bivers By Rev, R Thomson 


On the Chrowth of Mildew in Qiey Cloth By William Thomson, FES E 

Tho author descnbod the size used by Lancashire manufacture!which is nearly 
always more or loss strou^dy acid 

Two senes if oxpenruonts ou the relative actions of salts, often added by manu¬ 
facturers to their 81 /e, in aiding or retarding the de\tlopment ot mildew, showed 
that the free acid present togetlui with aampncss is tho most fruitful cause of 
mildew, and it tho acid be neutralized with soda ash, mildew develops with much 
dilhculty, and only alter a very considomble lapse ol time 


On the Nitroso Denvatives of the iVr^enrs By W. A Tlldkn, DJSc 


y Note on a new lao-jnupunne Bi 


On the Prcitniion of Ft a\uhd(nt AUerationa tii Cheques By I Wai 


On the Means of Suppressing Alkali Waste By Walter Wfluon 


Ifetv Cotarnine JJenuativea By C R Aider Wrtoht, D Sc 

When dilute bromine water 18 added to a solution of cotarnino hidrobromide 
combinatioh takes place and a cr^stailiuo orange precipitate is thrown down con¬ 
sisting principally of Mrmn hydrocotamtne ht/dt oorofnide , it excess of bromine bo 
used, the precipitate chiefly consists of trt5/ mi hydi ocotai'uine hydrohrornidCf these 
two biominated bodies b< mg formed thus — 

Colarn ne Pibrom hydrocotamine 

0., H„ ^0„ U Br+Br,=C., H„ HBr 

Tribrom hydroootarmne 

C„ H,,Bra NO„ llBr+Br,«II Br+C,, Br 3 NO^, HBr 

If hydrocotamme hydrobmniide he used instead of cotamme hydrobromide, and 
excess of bromine be added, the same tnbrom-hydrocotanune hydiobromlde u 
formed, thus — 

HjdroQOtanujie Tnbrom bydrocoUnune 

CJuIli 5 NO 3 , nBr 4 - 8 Brj,« 3 HBr+ 0 i 3 lI,,Br,, NO 3 , IlBr 

Dihrom-hydrocotarmne hydrobromide loses the elements of hydrohromic acid, 
forming hromocotarnxne hydrohrmnxde on boiling with water, aqueous caustic potash, 
or alcoholic silver hydrate, thus — 

C,, Il„ Br, NO,, HBr-IIBr+C„ H,, BrNO„ HBr 

The bromocotarnine thus formed resembles cotarnine in many respects, its salts 
are crystalhzable and veiy soluble , the base when crystallized from ether is repre¬ 
sented by NOj, IIjO, the associated water being lost at 100 ^ with partial 

decomposition just as with cotarnine When heated to about 180°, hvdrooromio 
acid IS evolved, the residue contains a blue product insoluble in boiling alcohol, ben¬ 
zene, chloroform, petroleum, turpentine^ caAxm disulphide, and otherTbut sparingly 
soluble with a bnlbant blue colour in boiling glacial wetio acid, glycerine, or 
^Ime, and readily soluble in cold concentrated sulphuric acid to a most intensely 
coloured mai^nta liquid the colorihc power of this body is most remarkable, a 
minute speck scarcely visible giving a aeep coloration to a considerate bulk of 
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ftcid As yet thw body has not btjen obtained in suffieient (Quantity and sufficiently 
pure for analynia, the fact that concentrated warm sulpiiunc acid does not char it, 
but only diBSolves it suggests aomo constitutional similarity to indigo 

Tribrom-hydrocotammo hydrobromide bieakg up, on heating to 180-200“, m 
accordance with the reaction, 

Cl,Br, ^(), lIBrs=CII, Br+IlBr+C,, 11, Br NO,, TTBr, 

methyl bromide and h>drobr)niic acid being evohed and the hydr^bromide of a 
new base htm^ l<ft Alter due pu^fi^atlon the tne ba.s< is obtafned from 80 |>er 
cent alcohol m bright (lanqe ciystah containing C ^ II,BrNO^, the water 

of crystallixatum bung lost at 100^ and a brilliant nvmsm anhydrous base being 
lift This cuinsc u m iss is a d(hcate test lor the prew rice ot moisture in nearly 
ab^tdiite alcohol when crystalh/rd friiu such contaiimig only a minute trace of 
luoisturo 0 ) tf7K/c hydrated crystals are thiown down on u oling whilst crtmsm 
anhydrous crystils arc formed whenytr} carefully dehydrated alcohol is employed 
it may be noted that 1 )ng standing \ tr and di^tiUati m from a large bulk of quu khme 
does not Butfir lently denydrate ordinary 00 per cent wpiiiL to gi\o crimson crystala 
by this test 

The salts of this base readily crystallize the hydrochloride and hydrohromide 
are of a slraw-yollow c lour and sparingly soluble in cold watu , on adding s<idnim 
larbonate to the warm onl> slightly ytllow aqiitous solution bright orange crystals 
of the frte base separate rapullvon stming 

The bromine m tins base is apparenU) iiuapabh of < limmatinn 1 y nasct nt hydro¬ 
gen, it IS proposed to d Higuate it bi 7/io^irro/u7ic, tarconme (anagram o{ nar- 
citine and of cotarnine) bung ilie (as vet liynotbctual) non-brominatcd base 
C„ llgNOg, differing fr^m cotormuo (C,^ 11,3 NO,) the elements of marsh-gas 


On tlie All aloidi of the Aconxt^a By C It Alder WBianr, 2) Sc 

The results communicated to the Association last year, together with those 
obtained by Duauesnel, seem to point to the inference that when a mmeial acid is 
used to acidity the alcohol used in the extraction of alkaloids from aconite roots, 
alteration of the base or bases oni^nally present takes place to a greater or less 
extent, owiug to the mflueiice of the heat employed to evaporate the alcoholic 
extract, whereas if tartaric acid be used, and the extract be evaporated at as low a 
temperature ae possible, as in the experiments of Buquesntl, much less alteration 
takes place and a considerable amount of abase crystalfirable from ether is obtained 
Two cwt of AoGuUvm napeUwf were worked im by this latter pricesa for the 
purpose of exanaming more closely the chaiocter of^the crystals thus obtained, the 
extract, evaporated gently to a small hulk, was treated with water and faltered from 
precipitated resin . the aq^ueous liUrate then yieldf d a semi^atalline precipitate 
when treated witn potassium carbonate m slight excess This precipitate was 
fractionally cryBiallizod from ether and other eolvonta, and finally split up into a 
large number of fractions^ no evidence, however, could bo obtained of the nresence 
of more than one crystallmo base , all the fractions, when sufficiently punned from 
a small quantity of an obstinately adherent non-cryetalhne base of lower molecular 
weight, gave identical numberH agneing with the formula Cj-the gold 
sidt toing indicated by HCl, AuCl,, 

This crystoUixed baifie, to wnich it is proposed in future to restrict the term 
aconUtnCy is eminently active phjsiologicail}, and agrees closely m all its properties 
with the crystallized aconitine ” of Buquesnel obtained by the same process, the 
different formula arrived at by I>uquesuel (viz Ca^H^pNO^) beuig apparently 
due either to impurity m the substante examined or to analytical imperfrcUons 
The base, crystallifable from ether, obtained lu small quantifies from A napellue 
fry extraction with alcoholu hydrochloric acid, os deacnM in the Bnt Assoc Rep 
1875, p 88, gave last year numbers from which tlie C,, NO,,, or one closely 

tinular, was deduced, after further puntication, however, this substance was found 
to be perfectly identical with the aconitine above descnlwd, givmg numbers repre- 
jwntedby 
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In order to punfy ftconitme completely from another ba«e wluch doea not cijatal* 
lite fiom ether, but which obetiuately adheres to aconitine when cryatallized from 
that and other menstrua, it is sufficient to dissolve the approximately pure snow- 
white crystals already ciystalhzed several times fr m ether in warm dilute hydro- 
bromic acid, on cooling and standing wtll-dehncd crystals of the hjdro bromide of 
aconitine separate the other base being completely retained m the mother liquors, 
the drained and washed crystals yield perfectly puic aconitiiio on dissohiug in water, 
precipitating by sodium carbonate, and crj'^lallizmg the precipitate from ether 
This non-crystalline base does not appear to iorm crystalli/able salts, it has a 
considerably lower molecular weight than aconitine Whether it is Originally 
present m the roots, or is formed by alteration of the cr^stalhzablo aconitine during 
the extraction process is not yet made out 

Tliese results, and those obtained last year clearly point to the dt sirahihty of sub¬ 
stituting ior un dicinol purposes the uniform homogeneous crystaUizcd base (or a 
salt thereof) for the more or less amorphous imxturts of aconitine and othtr sub¬ 
stances and nlterntion products usually found in pharmacy, inasmuch as some at 
It ast of these admixtures are considcraWy less physiologically potent than aconitine, 
( 

r urther experiments on the constitution of aconitine and the amorphous base or 
baizes are in progress 


GEOLOGY 

Address by Proftssor J You^o, MD , FG S, Ptestdeni of the Section 

\V HKN the British Associati n met m Glasgow twenty one years ago Sir Rodenck 
Murchison presided oier Section C, and v^as surrounded by a brilliant company, 
whose names now historical, were even then familiar for their accuracy of observa¬ 
tion for philosophic generalization and for the eloquence with which their science 
was cl ithed m words that charmed while they instructed—Lyel) Hugh Miller. 
Sedgwick Takes, Smith of Jordon Hill, Thomas Graham, Agassiz, Salter, Leonmu 
H )mer John Phillips Robert Chambers, II B Rogers, Charles Maclaren, Sir W 
Logan the list is a heavy one e\en for twenty-one years, and the chafed cir¬ 
cumstances will be fully realized by Nicol, Jlarkness, Bigerton, Darwin, Ramsay, 
and others when they find Murchison s place occupied by one wJio holds it rather 
by the courtesy of the Council to the Institution in which we are assembled than 
by any claim he has to the honour 

It would be out of place for me to do more than refer to tlie Geological advantages 
which have given to Glasgow its coramemal greatness In the Handbook proofed 
at the instance of the Local Committee will be found gathered together all the 
positive knowledge we possess regarding the mineralogy, stratigraphy, and paleon¬ 
tology of the west of Scotland The sjjicimens themselves are exnibited in the 
Hunterian Museum and in the Oo^ration Gallenes, and I take it upon me to say 
the Ohwow geologists are as ready as ever to assist the investinitions of stadenta 
in special departments with all the material which nchly fossililerous strata yield 
and the carerul skill of assiduous collectors can secure 

Thus relieved from entering into local details, 1 would ask your attention for a 
short while to some of the dimities which a tocher experiences in summaming 
the prmciplea of Geology for his students 

I may be pardoned for reminding you that as yet there ore in Scotland only two 
specially endowed teachers of Geolo^ In the Universities, tbatscience for which 
Scotsmen had done so much receive only the odd hours ^red from Zoology In 
1867 the two courses were separated in Glasgow, in l870 Sir R 1 MurohuoA 
founded the Chair of Geologym Edinburgh, in 1870 Mr Honyman Gilleffiie 
« #owed a Lectuxeehip on Geology in Glasgow, not separating it from Zoology, pit 
i«her dennng the two to remain associated, while means were provided for tumal 
instruction in the elementary work of the cIm When next the Association meats 
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hi Glasfi^oiv, I hope that the eervicea which acience baa rendered to mining and 
mottillurgy may have been rocogpized by those who have reaped the benefit. 
During the eilortB of years to obtain pro\iaion for ayslematic teacning in Mining 
and Metallurgy, practical and scientinc hare always been set in opposition by those 
\shom 1 ficidro^sfd In another twenty year^ it mav have become apparent that it 
18 jTossible for a man to be both practical and scientiiic, and that 1 ho combination is 
most rondmno to economy 

fh’ologA occupies the anomalous position of btung a science without a special ter- 
minologs, a po'^ition largely the result of its hisUiry, but to Porno extent inherent m 
its subjccL-maiter Treated of by Hutton and Playfair and their opponents m the 
ordinary langiuigo nl conversation, cun'cnt phrases t\ere adopted into science, not so 
much acquiring 8pe< lal meanings as adding new ambiguities to those already 
existing E\ri\ une seemed to understand them at once , and thus, as no one was 
obliged to fttlur!i inry precise moamugsto tbom, the instruments of reseaich becamo 
i(s impedinients, and the phrases in common n«o at tbo beginning of the century 
hfixe tiunsmittcd to lh(‘ picst nt day Ibe (‘noiioous ideas of tliose bj whom they were 
hist eniploted NYbt u 1 ,vtU, in JHJ12, uiethodiycKi tlio knowledge occiimulRtod 
piior to that date, he liad, m organizing the science, to choose b^dween inventing 
an appro])! late terminology and adopting that m common u'^e By doing the latter 
lie promoted the populaiilv of the science, though at the cost of some subsequent 
confusion , by attempting the former )io would ha\e set in aims ngiunst him those 
who would,according to the pedantr\ of the time, ha\ e denounced liis neologiBUisand 
found in iln m a docorous \oil for the ob)e< tionw \^In(h they entertained on other 
gfiounds to hi8 \iews Lyell was not the man to face the latt( r diificulty, nor con 
it bo dialged against him (hat bo was witting-1} neglectful of tho interests of 
science But to the u^'o of eoriverpatioiial language art‘ traceable certain assump¬ 
tions to which I desire to iliaw your attention In Aentunng mticiHin of this kind 
I am not unmindiul of the NemesiH which has otcrlakcn my colleague, Sir VV, 
Tbomaon foi Ins comments on l4)eirH language Thombon took exception to lan¬ 
guage which implied a kind of perpotnal motion, a circulation of energy atvnnanco 
with the tendnng of pliysics. and, behold, two or three yeai-s after, J^ockt er has 
published, aw a pliNsical astronomer, and Pieslwich has appiovcd, as a geologist, the 
opinion that tho teniperaturo of the sun may ha\e fliictuuU^d, that, in fact, changes 
of chemical combination may from tune to*^ time ha\e refreshed the heat of tho 
planet, wlioso uniform rate of cooling Sir William had assumed 

"When etratigiaphical ideology first received due attention, the notion woa pre-^ 
valent that i ach formation terminaled suddenly by cataclysm , it was therefor© 
natui-al that the British Huceeesion, the earliest to be tabulated in detail, should he 
token as a standard for other countries, and that tho enumemtiou of tho senes 
should be a generalized section in which were incorporated those strata not pre¬ 
sent in Bntrtin. The mtercnlalion ” of lieds thus practised to make an ^^incom¬ 
plete ” senes “comnleto,’* still Hurvi\e8, as do the terms, tliough tho notions which 
underlie them are form ally denied by those who uso them A patriotic fellow- 
countryman once surpnsed us by his lebement denunciation of a tieacherous Scot 
who called the I^anorkshire Limestones meagre and incomplete bb compaied with 
the English. With knowledge ho might have mads his criticism useful; as it was, 
he only gave a fresh example of the national pecubarity which, if it cannot pro\e 
Scotland to be better off than its neighbourfl, is content if it can moke it out to^no 
worse. The abundant fossils of the Mesozoic strata of England and Franco ren¬ 
dered comparison cosy, and created tho impression that conchology was the ABC 
of geolog^^, physical being subonjmated to paloeontological evidence. Tho balance 
has been somew'hnt restored by the Geological Survey, the piocision of whose 
physical observations enables them to guide the polieontologist as often as they 
have to be guided by him. But one legacy from our predecessors we have not got 
rid of; nor, indeed, has its i olue been much called m ijuestion. 

The process of intercalation hod at first to do only with observed gaps, into which 
obvious eqinvolenta could be received. But as the needs of speculative Biology 
ittpi^y increased, in the same ratio did belief in the imperfection of ttie geolo^cal 
record increase, till now we have that record described as a most fragmentary 
Volume, nav, as the remains of the Inst volume, whose predecessors ore loirt to us. 
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Sir W Thomson did ^ood fiemce by calhnjf in question, on physical grounds, 
the indpHmte extension 'fiickwards of geological time The tirstfruits of his crusade 
were the detimtions of Uniformitanamsm and Evolution which Prof Huxley gave. 
Henceforth no one will mainlam the onesided uolions regarding these two opposing 
views of the eaith’s history which were adoptf^l in iguomnt misconception or dic¬ 
tated by conceit and bigolry Hut the ‘^eiAue douj was e\en gieater, tor while it 
became cleai that a knowledge of pU\su‘^wfS indispensable to him who would 
promulgate sound notions, it was furtliei appaient that both biological and geolo¬ 
gical e\olution had a limit in time, that in lact, on the assumption of the primitive 
incandescence of our globe, tho date might ho at hast approximately h\ed when 
tlio raeohaniCHl processes now at work rommeiice<l and when tho surface of the 
earth Wamo habitable Nf>thing more has yet been done than to point out the 
way, for, though Prof Hut line Tail indicates a limit of from 15 to 10 millions of 
years, tlml statement can onl> bo rt>garded as in ollect, though not perhaps in in¬ 
tention, a protest against the liberalitv and \Hguene*s8 ot Hii W Thouisou a allow¬ 
ance, which ga\e gtologists a range of from one to two hundred niillions of 
j ears 

The roconcihation of physuistsand geologists is not likely to Cfune Uirough 
Mr liockyer’a lest^arclies, e\en if tho earth’s history be shown to have 
been identical, unless the renewal of tho eartli’a boat be shown to la* compatible 
with continued Ide on the suiface If tho reromillation is looked for through tho 
prolonged duiation of tho sun’s life, that being tho gauge ot the earth s duration, 
the expectation is still based on tho supposed need ot very groat time for geological 
processes, or lathcr on tho supposed need ul very great time tor biological evolution, 
to wdiK h geological evolution lias been squaied Theio is another directum m 
which these results ninv help us li> meet the hinitntion assigned by the physicists 
tho intervals ot vaimtion ol teuipoiatmo uuiv be shoiter than tliose which flppnrate 
tho maxima of ecceiitru ity of the eailh’s oitit, and thus the repeated cold peiiods 
of wrliich w'o have suggostions ni th<i stiatihod rocks, ma} ha\o recuiTed within a 
shorter totnl period tlmn is at present claimed 

It IS scarcely within the compass of this addrosa to enter into the questiius in¬ 
volved, but it IS pemnssible to indicate the reason fur delaving meaiiwhilo accep¬ 
tance of fluv precise limit of time Thc*rp is as >et too muth divc*r^ily of opinion 
as to the ehmients of tlie problem Ph>su‘ists aie bv no means at one as to the 
conditions which permit oi prohibit shifting ot the earth’s axis Uakillations are 
based on tlie assumption oi the regularity of the eaith*s form, under a certain con¬ 
stant ndation of the masses, albeit of diverse apemfic graiily, whuh compose it. 
It 18 moreoier assumed that the latio of land mid water have been uniform, though 
the forinatinn of the grand features of the laud bv (ontracLion of tlm cooling mass 
has not >ot been considered os atlectiiig this assumption bv altering the disposition 
of the water. On the one hand it has been shown that the existence of uniform 
temperatures over the earth’s surface is a gratuitous iiypothens, on the other 
hand it is clear that tho existing distribution of light and hi at is mcompntiblewith 
the flourishing of an abundant CaibomferouB end Miocene flora witnin a short 
difltance ot the north polo One exjM'cts that astronomers w ill Iwk to the shifting 
of the axis of rotation ns tho possible explanation of the difficultv, taking into 
account likewise the shifting of the centre of gravity necessarily following those 
displacements of mattor which, on the contraction theory, have determined the 
positions of the mam continents and oceans 

Mr Evans, in his address to the Geological Society, referred to the deviation of 
the magnetic axis as perhaps due to such shifting of tho matenals composing the 
inner niaAS of our glooe May not the conjectures of M Elio de Beaumont be 
after all in the right direction ? May not the change of trend which led him to 
classify the mountain-chains by reference to the age at which they had been ele¬ 
vated, bo associated with inovenionts which did not in all cases result in shiftinga 
of the earth's axis so pronounced as those which permitted the Carbomforoufl and 
"^^fcocene floras to invade successfully the arctic regions, or the phenomena of tho 
f^nLCial epoch, or epochs, to manifost themaelves in the low latitudes where their 
traces have bwm recognized P 

Waiving, for the present, inquiry into the influence which the admission of a 
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Mteible shifltxug of the earth'u axis might ha\e on our estimate of geological time, 

I shall return to the phraseology whose amendment stoms advisable 

The confusion which exists la well illuatratod m a remark by an eminent writer 
to the ette(t that Uie progrefla of ge^ilogiiul roseaioh tends to prove the continuity 
of geological time The phrase m ilsclt luv oU es an absurdity , but av bat la lut ant 
18; that tho Huccfaaive so (ailed fonnationn pass into lach other by ijnpt.rc(pliblo 
gradation, and lliat aa tmu gooa on, W( shall bf mort and moreablo tointercilato 
strata so oh to prosiut a t uUmuons scale of animal and vegetable foiniH This is 
one out of man) samples of tht cxtrdiu kngth to which tht thirst tor strict 
correlati )U may go We tind in Murchison s wiUmgs and «Ist whert pointed pro¬ 
tests against the succeasu n of strata in one district bung h< hi to rule tlmt in other 
districts, but these aio nithi r concessions wrung from ih( ir luthor by the pressuio 
ol particular instiiuces thmi acknowhdgnu nts ol a rul iippluabh to contiguous 
ana to distim t lotalitn s ahlo ] could not pel Imps taken bitt( r txaiuph than the 
stiata which contun ihn remains if the ftssil hpnd^e It vm ainuigo tin fossilsm 
liny «(ries lepiesentuig the uiodihcati >u of paitioulai structun s or a\( laging the 
modifications ot all the ntructuus w( shall find that tli ft niis ot l)i seins are met 
with, now ip 1 mope, n iw m \m<iicn, \ttno on woul 1 ventuio to inteicnlate 
the Iluro])ean m th \incncau Icrtiaiy m nes so as to Mpiau the geol igical record 
with an asftuined zodogual htandard flu notion of gialations the extreme view 
of correlations, has led to k suits which aie, pul it mildly of doubtful value 
Yet it was a natiual lesult of the work ot t uviei and utlu r paltconlologists among 
the Mesoiioic and Locioe f ssilihruus depisits Ibe Htatisticol method inviuted 
by Lyell simply a mode (d gnidatime Inteicilatn n (f blmta is tlierclort a 
survival from an eailierstigc if the sen net an 1 caruts with it a distimt echo of 
the catastrophic n >ti n that stiata weic foitued Hiniultanc lusly and generally over 
tho earths surface, li not umveisnlly 

Iho geologiud lec »rd lias bitn t< mpared to a volume of vshuh pages have 
here and thiie disapp aied and the incompleteness ot the lecoid has been in¬ 
ferred from tho 1rc<iueucv ot prone unced gaps m tin sun tssioti ot strata Of these 
gaps, these unconloimitics, Piof KaiiiHay has shown the impoitauce b\ domon- 
afiating that they n pit scut the lapse of unknown, but vorving and m all cases 
conBidcrable penods ( f time Iho inteu alutum of stuita asauimd to hll up the 
gap and hereby to give svmmctrv to H>steitiatic clasHiticatious tan only bedono by 
an appeal to the statistical im thud, a laniiR containing foi lus t harac teristic ol higher 
and lowei beds being assumed to repn stnt an intcrmtdiate point in time, whtieHa 
it might bo equally well claimed oh repu sentiug an intc rmcdiate area in space, and 
as being possibly repicsentative ot the whole gap and of some of tho strata above 
and below it. 

The dohnition of a formation as representing a ceitain period of time, still re¬ 
peated with various niodihcations, is to blame lor this and seveial other ciuiositiea 
of procedure But the climax of ayinmetncal adjustments la roa< lied when we fmd 
** natural groups' established—when, in other words, an attempt is made to show a 
regular periodicity of phenomena in Oeology Dawson proposed a quaternary, 
Hull a ternary clossifacation—to neither of which should I now lefor, but that the 
deserved estimation of these writers is apt to pci*petuate what seems to bo on unsafe 
view of geological Burcession 

Hull’s arrangement has the merit, by force of its siinphcitv of bringing tho 
vainness of the attempt intojprorauieuce Dawson has complicated his classihcahon 
so as to render it impracticable A natural group of stiata, one lu which elevation, 
deep depression, elevation, record themselves in rocks <to as to establish geological 
cycles, implies several things f(rr which we have no evidence Most important of 
all, it implies that the events above noted should recur in every area in the same 
order, that they should recur at equal intervals of time, and then fore yield oqoid 
masses of strata, and, above all, that the superior and infenoi Imiits of each natural 
and conterminous gioun should consist of a muse ot similar strata, one portion of 
which shall belong to tno earlier, tho other to the later group Here then we have 
implied, not catastrophic simplicity as regards the strata, but something very like 
it as regards the subterranean forces 

Mr Hull lias not, however, been able to surrendei himself wholly to his specula- 
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tion. He has admitted ** Gaps”—breaks, that is to say, for which ho finds no equi¬ 
valents in the Bntish senes—the sti’ata that should occupy theec gaps having been 
either lemoved by denudation or never deposited, the British area being at thest> 
timos above water The concession is fatal to the scheme But the very use of 
the word gap recalls the phrases complete ” and mconipleto,” and their nearest of 
kin, “ base of a formation ” Prof Haoisay used the word “ brt'ak to mark his 
tmconformitiCR , but no term has been proposed tor the base of a formation ” The 
term was in constant usi* when such base was always claimed to be atouglo- 
morato. That notion ih now exploded; but no Jishnetion ih diawu between the 
lowest bed of a group of ronlonnable strata, and the bed or beds which repose 
unconformably on thoa*^ below them Thus the London Basin has the Thnnot beds, 
the Heading bods, and the London Play successively^ realing on the (Jhalk, and each 
of these is the base for its proper locality, unless it be asserted that in this and 
similar coses the lowest beds oueo covert^ a wider area and were then lemoied 
But a raore important caso is presented 1^' the groat caltaroous nccumulutions of 
the Carboniferous and Chalk senes The Lower Greensand is to the latter series in 
England what the lowest stratum of the chalk would be if wo could get at it The 
CarDoniferous Tiimcstone rests directly on the Red Sandstone in Central England, 
further north it rests on the (^olciferous Sandstones Thus tlio base of the forma¬ 
tion vanes accoi'ding to locality, or rather according to the cmimistnnces of depo¬ 
sition, and wo need a term which would indicate a difieioucobetweeu tho conform¬ 
able and uuconformublo succession Mr Judd has lamented the equivocal use, by 
English writers, of tho term formation, which etymologically h as well applied to the 
Chalk without flints aa to tho whole Cretaceous senes. He advocates “ system as 
applicable to the larger groups—the Cretaceous system for example But it seems 
as if the time were come for still further restnctions of eifhcr or both teniis 
Tho analogy ot tho geological record to an incomplete volume is, like most 
analogies, at once imperfcct and misleading liathcr might the lei ord be compared 
to the fragments of two volumes which have come to bo bound together, so that it 
is not possible to recojpize the fH^quonco Or perhaps it might be liettercompared 
to a universal history in whicli, by omission of dates, the chronology is thoroughly 
obscured, and the necessary treatment of each nation by itself conceals the con¬ 
temporaneity of events We have the aquatic record and the lerrcstnnl record j and 
these two aro going on simultaneously Tt is os vet, and probably alw^a^s will be 
impossible to rocognire tho manne deposits which correspond to the terrestrial 
remains, save perhaps m the most recent geological tima® We now know that 
the life of the Cretaceous seas is not wholly extinct in tho existing Atlantic Ocean, 
but exists there to an extent which would entitle the deposits of that area to rank 
by the statistical method as interniediato between tho Cr^tacetuis and tho Teitiary 
It IS obviously impossible to include under one term deposits which ore associated 
with geographical cbaiigfs so important as those commonly accepted as having 
prevailed during tho Tertiary epoch. The Mesozoic forms pass gradually into the 
Tertiaiy; how gradually wo cannot say, since the deep-sea equivalents of the 
European Tertianea are not certainly known to us But as a portion sunaves to 
the present day, and as, presumably, the extinction was not rapid (for it is only in 
the case of land-animals that sudden disanpearances ore as yet probable), it is obvious 
that the succeasor, tho heir, of the Chalk was not the Eocene, nor necessarily tho 
Miocene known to us, but probably deposits still buried under tho Atlantic 
My object is to show that even the limitation of time which Prof Tait pro- 
•enbw for us may not after all bo too narrow for tho processes which have resulted 
in our known stratigmphj Mr Darwin speaks of the geologic record being the 
imperfect record of the last scries of changes, the indefinite extension of time anterior 
to the earliest fossihferous rocks being necessary for the full evolution of organic 
forms. But is there any ground for the assumption P True that the Laurentians 
contidn fragments of antecedent rock, but were these fossiliferous P Aro they tho 
remains of land surfaces on which living beings flouriehodP or ore they only the 
d^ris of the first consolidated portion of tho Earth's cruet, on which if organisms 
*8ted they may have been the most primitive of our organic series r Mr. 
Jukes refers to the possibility of such earlier strata having existed; but he wrote 
when geologists were dominated by tho belief in the indofiniteness of geological 
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time. Now we are brought by phydioista like Sir W, Thomson and Captain Dutton 
to face the question, Is there evidence of such earlier masses of stratified de¬ 
posits P If wo allow to the physical argument all the weight to which its advo¬ 
cates deem it entitled, if we accept 15 millions of years, nay, e\en if y,e admit 
100 millions of years as our limit, it follows that we may still regard the ojirth as 
in Its first stage of coolmg Jhit when w'o turn to the geological t'\idcnfe, all that 
can be advanced is that the Ldiu'entjan strata contain fragment*! presnmfibl> domed 
from erti her strata , hut met(imor])lio^ed fniginonts among nietamorplnc rocks are 
not the most lehahle guides, and there is the positiie eiideucc that the T>aurentian 
area has not be<'n coieied to anv extent, if at all, bv later deposits So far as 
direct pi oof goei, therefoiv, we lia\e none that tho earliest known stratihed rocks 
ore not also the earliest deposited atVT cooling Even if we disreg^ird the limits 
imposixl by the pbiloftopliersi, lilx'ral though tboY me in Sir W Tlioiuson’s hands, 
the absence ot proof that lat-t r deposits co\or4^d Laurentiaa aii'as seems entitled 
to greattr weight than is usually ailowixl to negatiio e\iden(e At b st tho asser¬ 
tion of anteoudent strata is an arbitrary one, which any of us is at liberty to con¬ 
tradict, and in favour of wliith no physical evidence, and onl) zoological prejudices 
can bo adduced Tlio earliest stralitiod deposits known are the Lfliircntmn , and 
they are, so far as v\e know, the earbest to have been deposited 

llut apart from these possible though impiobablo earlier deposits, geological 
time 13 said to bo lengthiuied by tho missing strata of later periods Mr. Croll has 
given great prominence to this, wiueli is another of tlie things takim for giants in 
goologv (Jomnienting on Mr Huxley’s niuaik that if deposit went on at the 
late oi 1 foot for 1000 ycarSf the 100,000 fett of strata assumed by him to form the 
earth’s crust would be laid down in the 1(X) millions of >ears which Sir W Thom¬ 


son had given as tho limit, says Mr Croll, ^^whnt of the niissiuj^ strata?” It 

ifl commonly ajid that wo haio onh a part of the deposits of ani^ period, tliat tho 
last have been denuded aw^ny, and that thus the time needed for their deposit and 
for their subsequent removal are out of orir knowledge This is based on what wo 
600 on the shore when tho tide nsos and falls and washes oft at each turn a part of 
the sand and mud laid down m the interval But tho older deposits were laid 
down m deeper water thou that between tide-marks, and wero for tho most part 
kid down during subsidence l*]ven admitting removal of part of the strata to 
have taken place during rc-emergemo, the quantity so withdrawn cannot k* proved 
to represent more than a small fraction of tho total. To provide tho needed elon¬ 
gation of p’ological time by an appeal to nibilrary peculations is not admissible. 
Belief on belief la, as Butler eaya, bud Ler.ildrj 'flm denudation to which im¬ 
portance is justly ascribed is that repiesmted by an unconfounity lie-elevation 
has boon accompanied by disturbance of the arc^a fiom a difierent centre than that 
around which subsidence took place, llie strata aie worn obliquely, and thus 
thickness of the mass at one place is greatly diminished, though it does not follow 
in all coses that tho maximum thickness of the strata has been afitcti d 


Tbo importance—ns I deem it, the excessive importance which is attached to tlio 
missing strata is asserted by biologists, who appaicntly imconscion'^ly seek to gain, 
by prolonging the mtonal between successive groups, the time wliicli ought lather 
to bo sou^t for m tracing, were that possible, tho migrations of the species which 
seem to have suddenly died out In other words, there is a roverhion to the older 
Ideas regarding tho succession of strata whicli are embodied in sucli phrases as 
the Age of Fi*!hes, the Age of Keptiles, and the like. 

But the ineauality of aurfaco which unconformity mvohea, entails that other 
consequence, tnat the niaxitnum thickncssce of tho two maesi'S of deposits do not 
coincide m position Hence thfe tliickness of the strata lu the area will bo exag¬ 
gerated, tho lime spent in deposit also exaggerated, if the two thicknesses arc put 
together. This has been done by Mr. Darwin in drawing inferences from tho mta- 
surementa given him by Prof. Kamsay, measiiroments which, on the face of them, 
do not ronreaent a continuous pile of rock. Mr Darwin tissumes either that the 
Welsh hulfl (not to speak of the Hebrides) were covered by all tho later strata 
now denuded—or that if wo sunk a bore, say on tbo enst coast, we should go 
through tho whole senes os tabulated. When Prof Huxley took 100,000 feet as 
the thickness of the sodimentaTy series, the same notion was unconsciously present, 
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the same survival of catastropbism—the omon-coat theorji as Herbert Speiiosr 
named it 

The Goolopjical Survey has corrected its tables in one important direction it 
has shown the (ontemporan* ity of unlike gruips in dilFtrent parts of Bn tain, the 
distinct types of tht Old Tied Stindsttino, LarbomlepoiiH, Veimian and Purbecka 
being plated m parallel columns To some exttnt this is a cmtailmont of the 
thickncHa ot tbor^ck sines the dissimilar stiata aie not piled on each other But 
the cuptailmint might be camid still furthir The marine and terrestrial con¬ 
ditions are Runultam^ous if wt could identify the diy lan<l toi each deep sea we 
should have possibly th i overlap of non ids produciug exti'u idmary combinations, 
though not ppihaps Miso/oic aud Palmo/oic faunas coulenipoianeoue But the 
British senes ma^ be tabulated as follows — 


Land Surf aces 


IjOi ifsif tnc ^ / hi uttde 


' ( ambrian 

Old Ilod Sandstone 

Coal Measures Oolcitcrous yandstones 
Permian 
Tnas 
Purbeck 
"V\ ealdt n 
Miocene 
Pleistocene 


Mat tne 
T aiirentiMii P 
Siluiian 

Carboniferous Limestone 
Jurnsaic 
Iseoc liman 
Cretaceous 


In the case of the Cretaceous senes Mr Ramsay has given illustration of the 
ngtniouH views of J>l I a Beche ri-gatdiug the cmtempomni itv ( f deposits supir- 
KJsed ono on the othti The Lower (rreensind is cont mi onineous with part of 
he riifllk so were parts of the M talden nnv,even ol the Purlxcks a puitiou 
must have hem torniing while the Crotace )us sea was gradually deepening 
loiithward and enstwaid 

It may be said that the ret ignition of thepninllelism would not makt vtr\ much 
diffen nee afti rail—that it would not one whit lessen tin time spent in foiming 600 
feet ot ro( k to know that there was t Isewhtre another 600 fi ct lunuod at the same 
time But the shortening of the geological Iwt by sinking out the ovtrlapa of the 
formations and thus counting them only once w of itself a matter of some conse¬ 
quence since the maximum thiclmess of the C retai oous being nearly JOOO feet and 
that of the oald 1600 feet, evtu the partial (oincuhnce m time of these massts 
wouhl on Ml C roll s calcidati m of 1 foot of deposit per thousand years, make 
a considerable differ* nco in the chronology still moie it the ( arbonifeioua Lime¬ 
stone bo set against its probabh cont* raporant s lb* Up|)cr Old Red Sandstone and 
Ooal-Measmes Mr Jukes s bold erasure of the Devonians was of itself a very im¬ 
portant change in the chronological table, and 1 doubt not othcis may yet be 
achieved But, it may bo said, tne Cretateous still rests on the Wcaldcn, the ver¬ 
tical thickness still remains But is the ordinary method of estimating the thick¬ 
ness quite reliableP In some cases, as in the productive Coal-Measures, theie i» 
tolerable uniformity, but among the lower Ccmls and the ^Mesozoic strata, where the 
strata or groups of strata are not regular, the maximum thicknesses of all are, os has 
been already shown, apt to be taken, aud thus au aggregate more or leas in excess 
of th(^ real thickness results 

But, recurring to an objection already referred to, arrange it as you like, you get, 
say in Wales, a known thickness of 60,000 feet But the rocks there are tilted, and 
the absolute depth whicii they attain in this position is unknown In North Ame¬ 
rica the Laurentians are estimated at 30,000 feet, but though therp is every reason to 
believe that they have not been covered to any extent witn later deposits, the total 
thickness of the sedimentary crust is, for the samo reason as m Waits, unknown 
Bigsby has shown bow vaiud are the surfaces on which the later deposits are laid 
^wn, bow great therefore must be the deductions from the sum total of maxi- 
mim or even average thickness of all formations before we approximate to the 
actual thickness of sediment an deposits at any one point But take the actual 
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thickneBS m Wales as nven in Jukes s Manual from the Suney data for the Cani- 
bnaus we have horn 2»1000“28000 Irct, SiliiiianSf Tipper and Lower, not counting 
breaks by unconformities, 20000 If denudation take a place at the rate of 1 foot 
in 0000 jcars, and deposit at the same rate, we should have for the Silurians alone 
120 millions of jtars m tded If, however, deposit takes plft<e at the intt ot 1 foot 
in 14,400 jonrs 288 millions of >tars would be need* d for the accumulati >n of the 
surviving strata It is obvious that the latt of deposit or denudKtion or both aie 
niisundirstood The stratihi d rocks et|iinl in amount tin material dtnuded, if wo 
knew the total am >unt of denudation we should know, n jt nu rtlj the itsidmim 
of rock open to oui insp(.cti m but the total amount < f atratihtd d posits which hod 
been fonatd— oi nt least iipproximaO ly, for tlu dop )sit of uintcuolsremoved lanot 
syuchrmous with their removal Obviously these (hments aio not known, and 
cannot bt km wn, to iia Mr ( rill, who has investigated the question theoretiiallv, 
Rasumes that deposit and dtuudali m take place in equal times, and assumes further 
a unilorm distnbmion n er the whole or ovi r a port i f the si a b ittoni But Prof 
Oeikie a table shows that, it we are to tako averages as a saft guide, the land 
18 lowered at the rate of 2 feet in (KXX) jears Aioreovtr, if, as Mr Croll points 
out^ deposit was less during the (iIhcihI epoih, the piocess must have beiu more 
rapid since and thus an irreguhmtv is introduced vvIikH impairs the value of the 
calculations Piof Hughes, in the brut abstiact of hia Itoval Institution addiesa 
which alone I have hud tlu oppuitunity ot suing c ntists the vahditv if any esti¬ 
mates of time on the basis of < ur tMating knovvlcilgi 1 do not mean to i nter into 
this question hut T may be allow <d to r< mark that anv eoncluai naf jiinded i n mi an 
thickness ol sediuieritaiy formations aie of no value It is not the time nccesaaiy 
for the building up of a uitau thukness, but that metbsnry for the tonuationof the 
maximum thickntss m partiLiilar n gioiis, which vve have to considei 

If th( Laurcntian rucks and llitir tquivalcnts aie to be lo^ard d as the earliest 
stiatified dvpcsils, or lathei, if thcie is no reason lor liehcving that they weie prt- 
ceded by otiiei stratified rocks the relati n of IJnxley s homotaxis to any clasbih- 
cation cf stiata having the I aureutiuns as a ti\rl p< mt is wortli investigating 
Tho umveisal diffusion of specii s m the carhet stiata was fust the aettpted erted 
of geologists 1 hen it was dcmi d, though the language of the earlier faith con- 
tiniu d emrent Again wo retiiin towaids thedoitnne of extensive simultaneous 
diffusion, but under a very much niodihed form The ^ Challeugtr loports btai 
testimony to the wide distribution of funis in the diepest oci ous, and when we 
turn from those and compare the lists of foseil sptcies sotound widely listrihuted, 
it appears that here airaiu we have oceanic foims, orat any rate those found m such 
limestones as are flafelj assigned to a dw p wutci origin Ramsay has shown that 
tho continental epochs in ^^este^l 1 urope ovcrlasted cunsidtiable ptiiods of time 
The antiquity of the Atlantic and Pacifac is etitain, evin their primitive character 
18 possible Thus there are two conditions, land and deep sea, leasomiig regarding 
which must be quite difluent from that applicable to the lulermtdiate condiUona 
It IS exactly these intermediate statts which present practical and speculative 
difficulty Theones which account for mountains and oceans fail to explain tho 
oscillations ” whn h wi le wont to bo appi aled to when terrestrial and marine sur¬ 
faces succeeded each other But the assumed inovt ment of the land is by no means 
a certainty, and, os in tho kindnd case of faults, we mod trims which shall be neu¬ 
tral, whether tho land has morid upwards oi the sea shiunk downwards The 
terms Poloeozoic, Mesoroic, and Caimroic have long held their places from the re- 
luctonco to distiub established nomeiiclatun as well as from tne difficulty of in¬ 
venting appropriate substitutes, but if retmni d at all, we knovv now that the rela¬ 
tions they represent are not tht same ior thi torivstual, the dup oceanic, and the 
iDteraemate areas, any more than the life is the same under those three conditions 
I have once bofori called attention to a pave difficulty in the physical geography 
of Scotland, and as Mr Seeley has since then rawed tho same question without ob¬ 
taining on answer, I would again state the case, os ont which seems to involve the 
rovisal of some dcfimtions 

The Silunan hills of South Scotland aic commonly said to have been covered by 
Old Red Sandstone and even bv Parbomferous stiata—patclies of these rocks being 
met with on the south side of the fault which defines these hills, with their abrupt, 
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coMt-like margin seen from Edinburgh or from Symington fetation on the Caledo- 
man hue But the Burfoco of the^e feilunnus vi as denuded bt fore the Old Bed 
times, os Mr Goikio has showed Nay, vallevft existed as now, and m the same 
positions as now At the present time the nvers flow in identically tlie same 
Talleys,in at least the ccu^es of theNith, the Vnunn, the 1 aiidn, and tno Liddell, 
and the lK)undanes of the areas aie so well knew a that we ttin aaftJy assert no 
buried channel to exist sueJi os we hnd on th( triLutanes of liie C l\de Jliat the 
(hannels were occluded in ^^lacial timts wo may lake 1 ir cutam, Ui it the obstruc¬ 
tion has bten wished awn\ and the tourses t loand la t qually ceitain I ho surlace- 
contours were not materiallv altered, so that the letrcating kc Lfl hollows in the 
position of tht old valleys But the case is quite diften nt wh( n we deal 'with the 
older rocks Tluir succession is marked by unconformities and overlips, which it 
IS impossible to pictuie as associated with hill pmsoiwation of the surtaci-features 
on 'winch they were laid down, and when the thickne^ comes to 1 >l as much aa 
1000 feet or more, and of that thiclcnt a part at least made up of marine strata, 
the Tblvp*^ ot all the atiearns to their old coursis is an e\tnt of tho h ghisl impri- 
babilit) Air fopkv has pointed out how tho dip of strita may under certain cu- 
t unist inces t oiucido with thoir thmnui,^ out to the margins of tneir area of di poMt, 
changes of angle lu highly incliued strata pointing in the same direction 1 he 
ordinaly nil of protracting stiata and thus restoring thoir thicknassovirthe adja¬ 
cent high ground, is (in tlie c vse at least of South Scotland) a method ii Inch imposes 
on ntniosphtru denudati ’)n cm n if aided by the si n a most ciimpln ated task 
Had time peimittcd it mi^ht ha\e been inti n sting to n >to the changing phrase¬ 
ology regarding faults, and tlio pertinacity with which phrases in\ohiug the most 
unsatisfactory and improbable can ation continues to bo used 1 pco^t and down¬ 
cast, upthi jwand downthrow, displacenn nt upwards or downwards these it may 
be snia are of sninll importance they are only symbols But, in the hrst place, 
they are miscliK 1 oua so far ns they gue Rtudciits confused ideas with which to 
contend, and in the stc ind place, the continui d acet ptnnc e of loose phraseology is 
peculiar to geology J \on in metaphysics, where the subject-matte r is much more 
convcmi ntlv discussed m ordinary language now terms are emplo} td to a gre^at 
extent Bat iiuportaut as I theiefore regard the«o terms from tnc. teacher s point 
of view, the greater importauc^e attaches to tho accuracy of tho notions which, 
nndtrlio our language regaiding the processos and rates of dcpjsit and denudation 
So far as our pu sent knowledge goes, wo must accept it as certain that theie la 
some limit t) the duration of the earth in the post Neitht r philosophora nor as¬ 
tronomers are ngiet il on the essential points of the problem nor have they consi- 
dtred oil tht po^sibh (hanges in the position of the earth s axis and in tho mto at 
which the earth loses heat The limits hitherto pieacnbed ait to discrtpnnt that 
'we cannot as yet accept any as hxed iNcithti have geologists so accurate a Imow- 
ledge of geological processes that thev can speak with confidence either of the ab¬ 
solute or relative rates at which rock-format ion has advanced Iho geologist has 
hitherto asked for more time, not because he lumstlf was aware of nis need, bpt 
from a generous regard for the difficultns in 'wbicii his zoological brother found 
himself when ho atUrapted to explain the diversity of the animal senes as the 
result of slowly opei-ating causes The geologist asked for more time simply 
because he could foi m no just estimate of wliat was ni eded for the phy sical procesaea 
with whose results he was laniiliar But palreontological domination is now at on 
end, and tho increasing number of geologists who aie also competent physicists 
and mathematifians seems to mark a new school, which 'Will strive to interpret 
more piv ciscly the accumulated facts Such at least seems the history of the past 
fifteen or twenty years Such seems the direction in which speculation now tends, 
and in the foregoing remniks I have endeavoured faithfully to represent the dnft 
of our science To m iny here present much of what I have said is already familuur, 
I therefore give plaie to the more legitimate business of tlio Section, looking to 
receive elsewhere “such censuics as may be my lot “ 

I 



TRANSACTIONS Ot THS SECTIONS. 


81 


On the Physical Sfciictitre of the Highlands m connexion with their Geological 
History* By His Grace The Duke of Ak(»yll, K*T,^ F*R,S*f F,Q >S.* 

The q\ieRtions dealt with hy noological Science have now become so vast and 
vanouH, that no one district of countr}’^ can be expected to furnish illustrations of 
more than a very few of them. 

The West of Scotland, in the capital of which wc are now assembled, is not rich 
in deposits which illustrate the passage of animal life from the types that have 
become extinct to those which are of more modern ormin and which still survive. 
No bone-caverns of iniportanco have been diwovered, and, with one exception, 
even our nvfT-ffravelfi and estuanno deposits have not been esjx»cmlly productive. 
That exception is, mdi't'd, a p;TOflt one It was in this valley of the Clyde that the 
late Mr Smith, of Jordan TTill, first di‘^overed thoMe indicntious of an Vrclic climate 
recently prevailing wlncli have ever since ( onstituted a lar^m and im]X)rtant branch 
of geological inquiry, and the full inlei’prctation of which still presents some of the 
most cunous and dilliciilt pioblems with vv Inch we hare to deal Bat o»r Palffiozoic 
areas, except tho (Null MeRsiires, tire to a large extent singularly imfossiliferous. 
Neither tho Scoltihli Oolite noi T^ias has yielded any remarkable additions to the 
curious liiuna of which in England and elsewhere they have yielded abundant 
Bpecimena 

But, on the other hand, perhaps no nr(‘aof country of equal extent in any quarter 
of the world pnvsentfl moi-c rein.uknble phonomma than the West of Scotlaml, m 
connexion with those cmiBos (jf geological rhange which have determined the 
form of tho earth 0 surface, and have given to its plivsienJ geography those features 
of variety and beauty which are the increosinjj delight ot cnih/ea and instructed 
men We cannot descend the course of this nver Clyde to tho noble estuary in 
which it ends without having presented to us mountain outlines and an intricate 
diritnbution of sea and lend which raise questions of the highest intirest and of 
the greatest difficulty Eroni tlie northern shores of that estuary to Cape Wrath, 
in Sutherland, tlie country is occupied mainly by rocks of Silurian ago, but so 
highly crystalline as to fxi almost wholly destitute of fossils, and so upheaved, 
twisted, contorted, and folded into a thousand ilifTerenl positions, that, except in 
one gi*eat section, it is most difficult to trace any persistent succeosion of bods It 
26 one great senes of billovpy undulations traversed by glens and valleys, some of 
which aro high above tho level of the sea, but many of which nro now so deeply 
Bubmerged that thiough Ihein the ocean is admitted far into the bosom of the 
hills These glens and valley s hr in many different directions, but there are so many 
with one prevalent dirt'Ction as to ^ve a general character to the map, a direction 
from N E to S, W , or parallel to the prevalent strike of the Silurian rocks The 
shapes of the hills and mountains are not by any means wholly without relation to 
geological structure—because in a thousand cases the sloping outlines will be found 
to be determined by the inclination of the beds, and the precipitous or steeper out¬ 
lines to be determined by tho upturned or broken edges In like manner there are 
oases where a crumpled or knotted outline is the index of beds deeply folded and 
contorted along anticlinal axt^s But nevertheless there are also innumerable casea 
wber« no such relation can be traced , where tho mountains seem to have been cut 
out of some solid mass, all the rest of whicli has been removed by some agency 
which left these great fra^euts standing by themselves, and of which the con- 
ttmrs cut across the lines of structure at every variety of angle Along the whole 
western face of this country it is guarded from the open ocean by an archipelago 
of islands, some of which ore separated from the mainland by submerged valleys 
no broader than those which separate one hill from another in the inland glens. 
Many of these islands are wholly occupieil by the dobns and the outbursts of extinct 
volcanoes The Tnountains whuh are thus ccmiposed bear, m many cases, the 
characteristic forma of lava-streams, but nianv others are not readily distanguish- 
able la outline from the mountmtis of wholly different material w^huh ore near 
them. They reach tho same general avei-age level of height, here and there 
rising into peaks very similar to others of a widely diflerent age and of a widely 

* Printed in full by order of the Coimoil 
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diflerent njatenal Moreover all the nJandn poitake Iftigelj of the general character 
of the mauxland m ha^mg then deeper vallcjfl Bubuicrgtd, and in being thus 
deeply indented by aims of tlu Ka pimihir to those which gi>e their pccubar out- 
bno to the adjacent cousts 

It may eer\e to hnnffinore Mvidly Ik foie >oii the fm ts of the plij sioal geography 
of this country (for 'wnich it is oriL ot the duties of geologists to account if tney 
can) if I give jou some stalistionJ lacte affecting the single <unnty of Argyll, 
which begins on the northern shoic of tlu 1 irth of Cljdf hollowing thi coast¬ 
line of that county fiom tht hind of loch I ong, whuh is its southcin and 
eastern boundarv, to Loch Avlort, whit Ji is its north m and west*in boundar},and 
including its islands, we hnd it niensiirts no less than iiHU niiks in Itngth, of 
which ahoul 840 represent the sumositios of the mainland and 3440 repre*fit.nt 
iho coast-line of Uh laretr islands Tlurc sre, besidt s,'lalleje which are now 
inland, and are occupied by freshwattr lakes which evidently, at a recent ponod, 
were arms of tin st a and lhe«t itpuscnt a further line of ctast, measuring 27** 
iniks Ihtie aio 11 jniKipsl amis of the sen, oath of thtm messunng from one 
to SIX and Ihirtv miles in kngtli Iwo < f thcMe arms of the sea evcecd the 100- 
Jathom hue in dt j Ih —1 och 1 ^ nc and the I iniiho 1 < t h , audit is very remaikable 
that th( so dttp undings do not orem luar tlu points wbert those lochs pnu the 
more open st a 1 ut on the confnirN f u up tlu ii t ouisc or bed ftmtnig the mountains 
The ndgt s dividing thtw and otlui vnlk^s vaiy in tlovatuiu liom lulls of veiy 
modi rate height to the langt i f (_ niocl an which iinim diati Ij bi joud the boundary 
cf the count} culiiiinnka in Jkn >cvis, whuh nnrs ita head almost on a levi I 
with III n Maclduii, now asccitaini 1 to be the liighest summit in the llntisU 
Isles Hut no stnt sties can gut an idea cf the intricacy with which sea and land 
art mterfoldcd on oui weyleiu roastsenupaiabb wiihthai wl ich isgumdbv some 
ot tho nianv beautiful views win b aboiiml on the heights in the vicinit} of Oban, 
whence the visitor (an c ^niinand tlu ciitianro ot T uli Ltue, with tlu course lor 
moxiv n lies of the J miihe Loch, cf tlu S mud of Mull, thi Sound of Ivcrrcrn, and 
the rirth of Lome 

Now the question naturallv arises—to what geological ages and to what 
geological causos do we owe, in its main leatures, this ennous distiibution of land 
and sea I sa} m its mam feafiires, because, of course the more superficial 
sculpturing of iveiy mountainous countrv is undergoing mccseunt modification, 
and this modification may have been, and probably has been, very considerable 
indeed within times which, geologically speaking, belong to the exisimg age But 
the question I put has refereuce to the epoih of past time, when the mom outlines 
of hill and valley were determined, when the great mfiss of the country (which has 
been, I believe correctlj, identified as compost of metamorphosed feiliirian beds) 
was elevated into the varioua mounUuu thaine which now constitute lU charac¬ 
teristic features 

If the question had be(n asked some five and twent} jeaas ago, I should have 
oaid that the evidence pointed to an age of groat geological antiquity fur the 
central group of Highland mountains, m some shape very like that in which we 
see them All round the edges of the country there are the remains of the Old Red 
Sandstone, which often fife into the contour of the valJe}s and have loft fragments 
in nooks and rocoe^es of the lulls It would almost seem as if they had been the 
shores of the seas or great lakes in which that groat ejhtem of deposits was laid 
down, and that they lifted their heads above thoKe vvateis in forms not wholly 
unlike those m w hich we now see them The total absence over almost the whole 
country of any other oi later rocks, the absence among tho debris of any material 
other tnan that of which the hills aie themselves composed, would seem to confirm 
the same general conclusion 

Some doubt, however, may seem to have been thrown on this conclusion, since 
it has become coitain that it tannot be true of at least one district of our western 
moimtaiDs, which IS nevertheless closely related to all the rest, having the same 
general elevation, partaking of the same general bend of coast-lmes, cut up by 
si milar valleys, and fitting mto the same contours of denudation The district to 
which I refer is that of tne volcanic islands which stretch from the south end of 
Mull to the north end of Smee the discovery, which I was fortunate enough 



tRANSACTIONS OT THK BKCTIONS. 


83 


to make m 1851, of the leaf-beds of Ardtun, it has become clearly aacei tamed that 
theee islandn are tlio rcmams of volcanoes of that p;eologiral age to which an ever- 
increasing Interost seems to attach—that niiddio age of iht. great Tertiary division 
of geological time to winch Lyell gave the name of Miocene The mountains of 
Mull, and of 1 igg, and of Kona, and of Skye, with all their valleys and intricate 
lines of coast, have unquestionably an origin later than the Miocene—how much 
later, is the que'^tion of physu nl geography which ge ilogiats are called upon to solve 

It 18 poftsible, indeed, to auppo^e that the hills of the mainland might De of a very 
different age from those of the adjacent islands, and against this, until some two 
years ago, there would have bwn nothing to advance except the suspicious 
Bimilority and adjustnunt betwtrn the ti^o groups the coinudemo of their out¬ 
lines, and of the way m which they have been cut and earned But the admirable 
researches of Mr Judd, in 1874, ha\e brought one little feet to light which speaks 
volumes for the ©nornious changes which must have taken place since the volcanoes 
of the Miocene oier a portion at hast of the Highland arei, and which may, 
therefore, ha\e taktu place over the wluJe of it The land upon whuh the 
Miocene vegetation flounnhed, and upon which the lavorstreams of its volcanoes 
were poured out seems to have been fir the most part a loud consisting of Cre¬ 
taceous and becondarv rocks The fragminte of that country Mhich remain ore 
generally consistent with the suppositu n that they were dep isited in a sea which 
washed round the bases of the Highland mountains, but which never covered 
them Like tlie fragments of the Old Red Sandstone, the remains of the Secondoiyr 
rocks he along the margins and fnngts of the Siliinan hills But Mr Judd has 
made the startling discovery of an outlier of the whole senes ot the Secondary 
rooks, including representative beds of the Tnas, Lias, Greonsand, and ( balk, to¬ 
gether with deposits, probably I acuatnne, all lying on the top of one of the moun- 
mns of metamorphiL gm iss which constitute the district of Morven This fragment 
has been presen ed by having b< en covered hv a sheet of lava from some great neigh- 
bounng volcanic centre, the position ot which is probably indicated by Ben Mora 
in Mull But the mass of volcanic trap which has covered up and preserved this 
relic of the OreJoceous land is itself a fragment occupying the top of a mountain of 
gneiss, separated from tlie remainder of the sheet of lava to which it belongs by 
deep valleys, precisely similar t<i those which divide the hills from each other 
throughout the whole area of the Highlands Ihis jiosition of an outlier of the 
Cretaceous rocks on the summit of a m luntain of gneiss is rendered still more 
curious by the circumstance that in tliat position the beds are not tilted or m any 
way apparently disturbed 1 Imy ore arranged horizontally, as if the ocean floor m 
which they were deposited had occupied tiat level, or as if its deposits had bei n 
lifted up over so lar^ an area that any small section of that area could retain its 
original horizontally 1 he Lower Silunan gneiss beds on winch these Secondary 
deposits have betn laid aie violently twisted and contorted, and this Btniclure 
must have belonged to them when they constituted the flour of ibo Cretaceous 
eea The powtiou of the Miocene basalts capping the Secondary deposits proves 
that tile wnole mountain, ns a mountain, is of later date thou tne Miocene age— 
how much later we cannot tell ^ and thus that the cauei s of geologu al change 
which have cut up the country into its present form, though tliey doubtless began 
in very remote epochs, have at least been prolonged into a comparatively late age 
In the history of the globe 

It would, 1 think, be adectatiou to protend that our science enables ua to follow, 
with any thingr hko diatmctness of conception, tho exact nature and sequence of 
operations which through sucji a vast lapse of time have brought about the final 
mult But I believe in something like the following general outhne of events, 

JF\r9t That subsequent not only to the consolidation, but piobablv also to the 
metiuno^hisra of the Lower Silurian deposits, the whole area of the Western- 
Central Highlands became an area of that kind of disturbance which arose from 
lateral pressure due to secular cooling and consequent contraction and subsidence 
of tiie crust of the earth 

iSSscotuf That the crumpling, contortion, and tilting of the Silurian beds which 
we now see amse from that disturbance 

Th^ That than wore determined those great general Imea of strike running 
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from N.E, to S.W, which are to this day a promment feature in the physical 
geography of the country. 

Fourth That during that period of disturbance, and as part of the moTemonts 
which then took place, the dibturlied rocks fell inwards upon materials at a great 
heat, which rose irf a pasty stato alonj^ the lines of least resistance, and thus 
came to occupy various poaitione, sometimes intercalated among the sedimentary 
bods 

Fifth ITiat to this p(*nnd, and to this method of protrusion we owe some at 
least of the masses of granitic material which are abundant m tlie TTighlauds. In 
particular, that to this period belong the porph)iitic grmiites on the northern shores 
of Loch F> ue 

Sixth That during the later ages of the Palroozoic period, volcanic action 
broke out at \auous points, accompanied by great displacement and dislocation of 
strata, and that to this, with the denudation which followed, we owe much of the 
very peculiar scenery of the south-western coasts, especially in the district of Lome 
in Argyllshire 

Seventh That we ha^e no proof that the Central TTighlands were ever under 
the seas which laid down the deposits of the later Paleeozoic age 

Fighth That such evidence as we have points rather to the conclusion that 
they were not under those seas, since such Iragments as remain of the Old Red 
and of the (hirlioniferous rocks appear to have been deposited round the hoses and 
in the marginal hollows of the Silurian hills 

Nirdh That m like manner we have no evidence (hat the great mass of the 
Western or Central TTighlands was ever under the seas of the S(M*ondary ages, 
which on the contrar}, iljipear to have deposited their sediment iipon an area outside 
of, but prohahlv surrounding, the area of those Central High lauds, and certainly 
upon their north-eastern and western flanks 

Tenth That the whole area of the Inner Tlcbndes and of the waters di\iding 
them, togetlier with some portion of the mainland, as in Morven, was an area 
occupied by Hecondary rocks, 

Fkienth That in the Tertiary ages, probably m the Eocene, and certainly in 
the IStiocene, these rocks formed the basis of a great land of unknown extent, very 
probably extending for a great distance both to the east and west of the present 
coasts of Scotland, and embracing the north of Tieland, 

Twelfth That this country became in the Miocene age, and possibly earlier, the 
scene of great volcanic outbursts, which covenul it with vast sheets of lava and 
broke up its sedimentary rocks with every form of intrusive piutonic matter 

Thtrieenih That later m the Tertiary periods, and perhaps as late as the 
Pliocene, this volcamc country was itself broken up by immense subsidences and 
upheavals, giving both occasion and direction to tne agencies of denudation and 
to enormous removals of material 

Fourteenth That this Tartiaiw country had been thus broken up and nothing 
but its fragments left when the Glacial epoch beifan, and that the main outimes of 
the country, as we now ^ it, had been already (fetermiued when glacial conditions 
were established 

Fifteenth That thus the work of the OlaciaJ period has been simply to degrade 
and denude preexisting hills and to deepen preexisting valleys 

Sixteenth That during Iho Glacial epoch there was a subsidence of land to 
the depth of at least 2(KX) feet below the level of the present sea, and again a 
reolevation of the land to its present level. 

Seventeenth That this reel ovation has not restored the land to the level it 
stood at before the subsidence began, but has stopped greatly short of it, and that 
the deep arms of the sea or lochs which intersect the country, and some of the 
deeper freshwater lakes, sucli as Loch JiOmond, are the valleys still Kubmerged 
which at the bejdnning of the Glacial epoch where high above the sea and furrowed 
the flanks of loftier mountains 

i Eighteenth, That dunng the Glacial penod the working of denudation and 
aegradation was done, and done only by ice, in the three well-known forms —Isfe, 
of true glaciers descending monntam-slopea; 2nd, of icebergs detached from the 
termination of these glaciers where they reached the sea, and 8rd, by floe or 
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surfaco ice, tlnvou by curreTita which were dotermined indirection by tho cbanginy 
oontoiirfl of the land dunnj^ tho proeew^ of anbmer-^ion and reelovation 

It would be impoaaiblo on this occasion to ilhistrito or support those various 
pn^posjtions by into th(i evidoneos on wliicli they rest Lhitiw those of them 

which relate to the operations of the (Uncial epoch evpress a decided opimon upon 
questions now involving niucli dispute, I must say a few words in expltination and 
defence of that opinion 

Ft will l>e seen that I dis|)eIie\o aito*rethei in the lhoor\ of what is called an 
Ice-cflp , or, in other words, 1 hold that there is no evidericn that there (^\er existed 
any universal mantle ol ice hi^hei or deeper than all the existing mountains, co\er- 
ing them and moving over them from distant northern regions 

In the Urst place, this th<s)ry presupposes (tinditioin ot climate which must ha ^0 
prevailed amvei’sallv oser the whole mirtJiorn hemisphere, whereas o\era p^reat 
portion of that hennsnhei'e west of a cortnm mendiau on the American continent, 
all traces of general glaciation and of any geiieial distiilmtion of erratics disappear 

In the second plnce, the theor\ assumes that masses ot ice lying upon the surface 
of the earth, more than mountain-deep, wouhl have a proper motion of their own, 
capable of overcoming the friction not only ot rough level surfaces, but even ot the 
steepest gradients, for which motion no ndi^quate cause has been assigned, and 
which has uever been proved to be the naturnl oonsequonee of anv known force, 
or to be consistent with the phvsical properties of the material on whuh it la 
snppostMl to have acted 

in the third place, as a matter of fact there do not now exist anv where on tho 
globe masses of ice whu hcan Im^ proved to have nuv motion of this kiud, or to be 
subject to forces capable of duving and propelling it in tins ninnncT and with tho 
etfecU which the theory assunu's The ease ol f heenland, whif*h is otten referred 
to as an example, does not present phenomena at all similai to those attributed to 
the ice-sheet 

In the lourth place, all the phenomena of glaciation which are exhibito^l on the 
mountain-ranges, including the distribution of eiTrtfKN,can 1 ki adoquatelvaccounted 
for bv the thiee conditions or forms of moving ico which hsve lajen above 
euumerateil, and all of which are now lu actual ofcration on the globi', namely — 
ice moving, not up, hut down mount am-si opes by the ioice of gravitation, and ice 
floated hv water aud dnveu hy cunents as iceliergs or as iloes 

In the fifth place, these phenimiena of gJaciation are essimtially diflewmt from 
tln>fl 0 which w<mld result fiom the motion ot a universal k e-sheet,"twen supposing 
it to have existed and supposing it to have had the (improbable) motion vvhiLh boa 
been ascribed to it 

In the sixth place, aud in particular, the mode m which erratics are disirihutt'd 
and the peculiar position or perched blocks are demonstrative of the action 
not of solid but or floating ice ; whilst the surfaces of ro( k, which have oscapeil 
glaoiation on one side and retain the deepest marks of it upon another, aro 
equally demonstrative of exposure to moving ico under conditions which did not 
enable iL to fit into the irregularities of surfaces over vvliicii it passed 

In Uie seventh place, the phenomena seem to mo to prove that some of tho 
very heaviest work done by ice has been done towards tiie close of the Glacial 
epoch—when the land was emerging again from out of a glncml sea, and when all 
the currents of that sea, loaded with bergs and floes, were deteruimed entirely by 
the outlines of the rising land 

In regard to the much disputed question of the glacial origin of Lake-baaing, 
the conclusion to whicli I have come is one winch, to some extent, reconciles 
antagonistic views, I do not, indt^ed, bolievo that glaciers can ever dig holes deep 
under the average slope of the surface down which they move , but, on the other 
hand, they are the most powerful of all abrading agents in deepening their own 
bed and cutting away the rocky surfaces which he beneath them. 

If valleys thus deepened by the long w'ork of glaciers and glacier-streams ore 
afterwards submerged along with the whole country in whicli t&v lav, and if that 
submergence is accompanied by partial and unequal rates of subsidence, they 
would inevitably become hollows into which the sea would enter, or in which 
fresh waters would accumulate. In this sense, and in this way, It can hardly 
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ftdmit of a doubt that those lakes, 'which aro nothing hut submerged valleys^ are due 
in part to glaciei action, although the othoi half of tho causation on which they 
depend is to be sought in the siibtorranean action of subsidence 

In conclusion, T would observe that alUiough the fact of a great subsidence and a 
reeleiation of the land duimg the Glaiinl opicli Las bf(n generally admitted to be 
one of the lacU of which thtn is the clcaient ovidouct, it js neitrlheleBS a fact 
of which nil the conditions and all the cin^quenccs Iiino been inoMt imperfectly 
recognized 

AVithout lentunng to go so far back as to imagine lln pioccss of hubnideuce and 
submergtncc, let us ml} think for a moment of that mmtnuiit of leelevation 
wluch has ctrtainl} been omo of theitr} latest of the great movements of geological 
change If it took pi ice \er} graduallv oi very si nvlv, it ucc snitatea the supposi¬ 
tion thatBvoiy inch of our nioiiutaiii-Biirfac( s, up to at least -(XK) fe<d, has been in 
BuccesHion exposed to the conditions of a sl i-b<‘ach \ et hero are the in irks 
upon thorn of such conditions-^ A\ o ma> suppose suih mniKs to haie boon 
generally obhterat d by later subaerial d< iiudatioii But against this is to be set 
the fact that the posiU )n and distribute n t f pi rein d blocks and other erratics 
deposited by floating ice demonstiat^, m my opinion tli it itry littlt indeed of 
such denudation has taken place since ihoy wcie placid vslieit wo now see them 
I could take ail} of loii who arc intuistediii this qucstuati a pricipil us hill 
ueai luvorary, some 12 K) flit abjic tht 1 lel of thf sei fi m the top of which you 
cau look down on llu inassos ol ti-ansi oik I rock stran kd iq on its siks and bast, 
preustly os ouo might look down mm the top of s nnt dangeious rtef in the 
present ocean up m the dt bris of a whole uaw ot ships shattered upin it in some 
Jiurncaao of }csUuli\ Thoie they he—some more or less eratteiod, some heaped 
upon and jimnied against tacli other with sharp angles and iiutlines wholly 
unworn and moioo'vtj so distributed that lou s eat a glance their stiict relation to 
Ihet xisting heights and boll >W8 of the land which nuHt h( to lm\e Iwen the shoals 
and channels of the sta Iheae coiitouis conn d liaic bem materially changed 
since that sea was tli )rc It seems that it must hai e las u the u, geologiomly speak¬ 
ing, onl} a very few da\s ago 

And this concluHion would sum to be< onfirmed wh<n wi obsenc the phenomena 
which are present m coitain cases where the land has clearU icsti d for a consider¬ 
able time and the ocean lias left in raised beaches the t \ idence of its work at 
certain levels Such ru'«i d beaches aie to be found at m uiy points all round our 
weetoiu coasts, but incoiujiambly the finest and most instiucUve exaranle ot 
them ift to be seen on ibi wi st coast of the island ot Jura neai the mouth ol Loch 
larbirt Jura, and oxtmdmg for sevenil links to the north Iheso beaches are 
visible fiom a gn at distance, because their rolled pebbUs on ( imposed entirely of 
the h'^rd whitt quart/ito of tlu Turn mounlams, which resists disinte^Twtion and 
IS very unfavourable to tlie succi ssful est iblishment of vegetation I visited these 
beaches a few weeks sgo, and, measuring the eleiatiou roughh with a graduated 
anoioid, I found that they reprt siut three more oi less distmct stages of subsidence, 
one beach being about th level of 50 fl el iibovo the present sea another about 75 
feet, and a third at about 125 feet Some others, which 1 saw only from a distance, 
appeared to be higher, and I belli vi, but am not quite sure, that further to the 
north they have been Iraci d to the levi 1 of KR) feet 

But the feature connected with thtse sea-beaches, and eapccially with tho 
lowest or the 50-fcet beach, is the evidence it aftorda, first, of the length of 
time during which the ocean stood at that level, and secondly, and particularly, 
of the very recent date at which it must have stood there As regards the 
length of time during which the ocean must have stood there, it is sufficient 
to observe the beautiful smoothness and roimdness of the pebbles, they have been 
more thoroughly rolled and polished than the corrosponding pebbles on the existing 
shores, equalling in this respect the famous pebble-beds of the Ghesil Beach at 
Portland Then, as renrds the very recent date at which the ocean must have 

C tood there, it is difficult to give in words an adequate idea of the impraaaion which 
nost bo left on tbo mind of every one who looks at them 1 cm see the curves left 
by tbo sweep of the surf, the summit level of its force, and the hollow behind that 
suuunit which is due to the exhausted crest—all as perfect as if it had been the 
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■work of vostoirday. Isis difficult to conceive liow ordinary atinohpheiic ng^nciev 
and even the tread of sheen and cattle, should ntit have broken such an arraiif^ement 
ot loose material JLJiit there are exoeptionably favourable ci ream stances for the 
preservation of those beds fiom absoneo of considerable streams and the protec¬ 
tion of surrounding roeks There is little or no evidence of glwnaiiun anywhoro 
around, and although it is certain that the sea which stood at those beaches so 
recimtly was a sea subject to irlacial conditions, it is equally cerlain either that it 
continued to work there those ttmdiiioua hud passed awa\, oi, what is moi’O 
probable, that that particuliu hue of coaat was protected fioni the diift of siUTOund- 
ing ice-lloes 

If, now, v\e compare the evidence of rocent action lu these M'R'beachea with the 
BimiliiT evidence connected with the position of erratics at far higher levels, which 
< un only ii.ive been placed tlieie by tloaling ice, I cannot help coming to the con¬ 
clusion that the submergence and leelevalioii of the land to the extent of more 
than 20(X) fec't nljo\ o thi* luv< 1 of the pios» ut ocnaii has been ono of the very latest 
changes in the historj of thw portion of thoglobiv, and, moicover, that the reeleva- 
tioii lias heeii compaiativily lapid, probably by hfU oi hitches of considerable 
extent, and that (lune w eie few, if any, pauses or lests comparable m dumlion with 
llioso lecorded in tlio Jura }jeach*^s and in the (iitting of the e\isting coasts 

Finally, let mo lepeat that wliothor thin com lasion is louett uv not (and I 
am wmll awaio ol tlie mauv difiicnlties wliicli sunound it), the geuenil fact of sub- 
meigenco and leelevalion is, poiliaps, iw certjim as unv tonclusion of geological 
Bcionco, and that the eoiisi'quenccs of it in ai counting tor the didtnbution of gravels 
and the moat rocent changes of denudation have never as yet been woiked out with 
any tiling apprimclnug to cousmlency or completeness 


On ihe Suh^Wcaldta Ejploralfon. By ^Injor IlniuMOXT, M,P, 


On the GmnUc of StuUh-Ei i Lowjh Nca^ By Jamks Bbyce, LL,D 

The author descnlted a gmnite tract a Lttio distance from the shores of Ijoch 
Ness, and m^ar live h all of Fov ers This fall look place onginally ov er a cliff of Old 
lied Sandstone, and this stone bung of a soil chai'acter gradually wore away until 
it formed a magnificent basin almost luaccosBible at the bottom, and the action of 
the water had also worn the lock bsck to the slate which came between it and the 
granite, llm attention had been called to the Lo< h-Noss graniti' tract by hearing 
that gold had been found m the lower valley of the Naim, wliuii powca through 
this granite district, and ho supposed it probable that the gold might have its 
source in this granite tract in the same wav as he had found thi* granite of Suther^ 
land to be the true sourc'o of gold Vfler describing the limits of the (^nite 
tract, he pointed out a most remaiknble urcumsHnee counerled wnth its histoir, 
which was illustrated by a fniclion m a glen nlxive liinerfiricaig Hero this triple 
pfranite rises from the vallev in a direction sloping castwanl, at fiist leaning npointit 
the Old Red Sandstone, and ultimatelv, furtner eist, rt^gularlv ovorljing it, the 
metamorphism being very remarkable through about a foot of depth, and portion* 
of gramtebeing embedded in the Old Rt*d On the oast aide of the hill the Old Red 
Sandstone was regidarlv overlapped by granite, the strata of the Old lied dipping 
under it at an angle of degrees The well-known vitnfied fort on the top oi 
the hill contains both rocks highly vitrihed To the west of this another hill risai 
composed at the base of OldBefi.and its upper part con^usting of conglomerategranito. 
lie called the attention of the Section speciaUv to this conglomerate granite, and to 
the evidence which the whole district afforded that the granite hero was truly 
irruptive, and not of that hj’drothermal origin to which tne gramtes further eaat 
have ^en ascribed, The only conglomerate granih' similar to this with whddi h* 
waa acquamtod was one that" he had visited some voiira ago at Forkhill, oouaty 
Armagh , and he called attention, especially of Professor llull, to the conziexioii* 
of these bed* to the probable origin of a great irruption of grauiU' 
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Oil the Earthquake Districts of ScotlaiuL By Jamb** BarcK, LL,D, 


On ike Tidal-Retardation Ary ament for the Aye of the Earth, 

By Jambs Croll, LL D,, b Ji S y of the Geoloyiial Survey of Scotland, 

Many years jipjo Sir William Thomson ileiuoiistratoil from pUysienl cousiderationa 
that the view? which then picvailtMl in re^^ard to geoloi^^’u iil linio nmltho ng^oof our 
globe were pnrfoctly emmeous Uh two mam Higmiieiita^ a? are well known, 
were, first, tlmt based on the limit to the sun’s possible H;^e, and, secondly, 
that based on the secular coohnj^ of the earth More recently he hiLs advanced a 
third argument*, bused on tidal retardation It is well known that, owing to tidal 
retardation, the rate of the earth’s rotation is slowly diminishing, and it is therefore 
evident that if we go hack for many millions ot ^eara we reach a period when tho 
earth must ha\e bwn rotating much taster than now Sir Wdlianrs argument is, 
that had the eirth nohdilved son oral hundred luilhons of veiire ago, the tlatteuiug 
at tho poles and the bulging at the equator would ha\e been much greater than 
we find them to be Therefore, bouiUNethe earth is so little flatteniHl, it must have 
boon rotating w hen it liecame solid at \prv ni’arly the same rate as at present 
And as the rah^ ot rotation is hecoiriiug slower and sloAver, it caimoL ha\e been so 
mnny millions of years back since solulitication took place 

A fnw years ago I \eutiired to point outf what appeared to be a \ery obvious 
objection to tho argument, vi? that the mtlneme of subaeiial denudation in altei'^ 
in^ the form of the eailh had been entirely oveilookid , and as the validity o( the 
obiection, os Car as I am awurn, has never btvn questumt^d, T had bwui inducod to 
believe that tho argument retelled to had been abandoned But I find thut Pro¬ 
fessor Tait, ill Ins woik on ^ Ueceiit Advances m Physical Science,’ restates the 
argument as perfectly cunchisive, and makes no reteronco whatever to mv objection. 
As the subject is one of very considerable luiportanee, 1 maj 1 mi permitted again to 
direct attention to tho ohjettion in question, whicli biiefij is as follows — 

It has beim proved by a metlmd pointed out a few vears agoj, and whi< h is now 
generally admitted to be reliable, that the i ocky surface of our globe is being lowered 
on an average, by subacnal denudation, at the rat<‘ of about I foot in 0000 years. 
It follows as a camsoquonce from the loss of centrifugal force resulting from the 
retardation of the earth's rotation, oernMoned by the friction of the tidal wave, 
that the nea-level must be slowly sinking at tho eqiutor and rising at tho poles. 
This of course tends to protei t the polar regions and cApose equatoiial regions to 
subaerial denudation. Now it is perfocllv obvious that unless the sea-level at the 
equator has, in consequence of tidal retanlation, been sinking during past ages at a 
greatt^r rate than I foot m (>000 ^ears, it is physicall) impossible that the form of 
our globe could have been very much dilTcreut from what it is ut present, whatever 
may have been its form when it consolidated, btrause subaenal aeiiudation would 
have lowered the ecjuutor os rapidly os the sea sank But m equatonal regions the 
rate of denudation is no doubt much greater than 1 foot in 0(100}oars, b+icnusethe 
rainfall is greater there than in tlie teniperah^ regions It has been shown in the 
papers above refen^ed to that the rate at whicu a countiy is being lowered by 
subaenal denudation is mainly determined, not so much by the character of its 
rocks os by the sedimentaiy can*)ing-power of its river-systems Consequently, 
other things being equal, the greater the rainfall tho greater will be tho rate or 
denudation 

We know that the basin of the Ganges, for example, is being lowered by denu- 
da^on at the rate of about 1 foot lu 2300 years, and this is probably not very far 
from the average rate at which the equatorial ri'gions are being denuded It is 
therafore evident that 8uba*»rial denudation is lowenng the equator as rapidly as the 
sea-level is sinking from loss of rotation, and tliat, consequently, we cannot infer 

I * Trans Glasgow Geol Soc. vol lii. p 1 
t 'Nature,' August 21,1871, ‘Olimate and Time,’ p. 335, 

t * Philosophioal Magacine,’ May 1868, pp 878-il84. Kobruary 1867, p 130, 'OhmaU 
and Tune/ chap l^ns. Glasgow Qeol Soo. vol ui p. 163. 
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fifom the present form of our globe what was its form when it solidified In so far 
as tidal retardation ran show to the contrary, its form, when solidihcation took 
place, may have been ah oblate as that of the planet Jupiter 

There la another circumHiancn which munt be taken into account The lowering 
of the equator by the transference of the matorials from the equator to higher lati¬ 
tudes must tend to increase the rate of rotation, or, more properly, it must tend to 
lessen the rate of tidal retiirdation 


(hi the Variation in lliichiess of the Middle Coal Mta<iHre^ of the Wigan 
Coal-^Juld By (J K Dk Rince, V (IM , of 7/ M, Geological Survey» 

Fiom the Arley Mine, the lowest coal-seam of this senes, to the luce-Yard Coal, 
at Worthmgton, nuith of \Vignn, the measures are 2200 feet in thickness, thinning 
50 feet per mile to the S W to Prescot, where the measures are only 1446 feet in 
thickness, and 67 toet per mile to the N K towards 11 urn ley, where the measures 
between the equivalents of th< 3 St» coals are only 1000 teet m tbicknass—proving 
the Wigan coal-hasiu to be not merely a synclinal ot subsidence, but one of deposition, 
the axis of whicb was shown to have graduallv travelled northwards in time from 
the district of St Helens to ii pjint noith of Wigan The importance of arranging 
colliery sections in a definite gi*ographical direction, and the importance of noting 
the occurrence of very thin coal-seams and horizons of fire-clay and of seams full of 
Anthrvuoeiay were insisted on as moans of idenlif>ing equivalent coal-seams ocrosa 
A distnct (Iroai lateral shifts were shown to have occurred belwt'on many of the 
great N N W. faulta which traverse the Wigan distnct and divide it up into a 
senes of belts. 


Oil Lahyrinthodont Ilemaim ftom the Cp)nr (^arhomferom {Gas-Coal) 
of Bohemut By Dr Anion Fritsch. 

Tho beds of gas-cool whuh are now being worked at so manv localities, Imth in 
Europe and America, serve not only to illuminatt) onr chambers, but to throw fresh 
light upon many branches ot paheontological science, for these beds of goa-coal 
have been fouuu to yield a remarkably fine fauna, espis^uilly rich in the remains 
of Tjabvrinthodonts, fishes, and insects 

During the last five years, I have been so fortiinafr as to discover m Bobemia 
two localities which arfonl us beautifully preserved relics of ancient life thus en¬ 
tombed in the gofl-eoals 

One of thew' localities is N^ran, near Pilsen, in the western part of Ilohemia, the 
other is KounovA, near Kakonit/, in the uorth-wcHt of the country 

In both of these places the gas-coals are found to be situated on the top of the 
Coal-meoflures proper, hut iRuieath the true Permian deposits. The plants of theiie 
bods are closely allied in character to tliose of the Coal-measures, but tho ammals 
appear to be of Permian types. 

1 do not intend upon tho present occasion to enter into a full enumeration and 
description of these intercstmg tossils , hut I take the liberty of submitting to this 
Section of the British Assviciation scries of specimens of costs and of plates of some 
of these fossils which I have brought to this country for the purpose of comparing 
them with the similar roniaius found in the Bntish Coal-Helds 

The first three plates exhibited contain enlarged drawings of very small Laby- 
nnthodonts of tho group calfod by Prof Huxley Microsauria One of these, not 
more than one inch (P) long, has the skeleUui completely ossified 

The fourth and fifth plates are devoted to a largo species of Lahyi mthodo^^ of 
about 6 feet in length 

Among the specimens, the nuthoi drew attention to the tooth of a Cienudm^ of 
which species the bony parts of the skull were found presfTVod 

Of the remarkable genus DiyMue a lower jaw with teeth served to show that 
these latter are not, as was fonncrly suppost'd, the dermal spines of a Kay. 

Among the lusect-remnina was observed a new species of frnwisowvoAMtf, apeoi- 
jnenfi of which cover the whole surface of some slabs of tbe rock. The restored 



90 RKPOKT— 187G. 

drawing lUastrated tlio enlaigement of the seventh ^ir of appendages in this species 
into 8wimming“feet 

The species of JuUih^ called hv llio author J r shows how little the fonns 

of this genus have rlmnged lu the interval bt^t^eeii Paloao/oic and recent times 
The rich materials which an* now accumulated in the Must'uni of Prague will 
require for their illastration about 110 oi 40 plates in the monograph which the 
author is now prepaiing on this lerj^ interesting icrtebrate fauna 


Oil the Pht/stntl Oeologif and Giolo(f%cal Stiiictare of Foula 
Bg (iFORGE A (jiBsoN, M B , B S< Ednih 

Taking up, in the first place, tlie phvsiographK iil geology of the island, in con¬ 
nexion with llio ngeniies niiohed, the piipei describes the const aceiieiy, and dwells 
upon tho contrast between the low and riigg* d enstetn side and tim stupendous 
cliffs whieU o\erhang the western sea This stiikmg difference is biliowu to be due 
partly to the superior powers of resmtaneo to ^^elltherlng eiinced by the niateiiiils 
of the sandstone rocks ps contrasted with the rnimbling s( limtose iuass(>M, and also 
to the fact that in the former the stiata dip aiiay from the clifin 

The inland featiUos nre ne\t takin up in detail The fi\e hills nuV found to l>o 
on the west side, three ot tUeiu (Imwaheld, the Sneug, and the Kame, wlueh, taken 
by aneroid, roiidi 1000, nnd lloO feel o\er soadeicd) forming an a\ml eliain, 
whilst the other two (boberly, 050, nnd the Noup, 700 feet high) arc distinct 
The last thriH' are noticed ns foiining pienpu es fioni (hoir Hunmiits fih(*er info the 
sea, and all, except tlie Nonp, which is dome-shaped, ns ha\ing a couoiJ outline, 
the steepest sides of xslach face tlie north .and eist As Ihe dip is S 8 W , theso 
hills are therefore held to haxoa contour in acconlnnco with the empirical law, 
noiod above, that th(‘ strain dip away from the side which has tho nteepest slo^x' 
The drainage is of course seen to bo easterly 
The htJiological character of tho rock masses m then detailed, alonj^ with their 
architectural leaturcs and etratigraphical ndations The eitstern side ih described 
as composed of gneiss, very similar to that of Loch Maroe, and of mica-schist with 
intruded veins of granite, having n stiiko from N W to 8 E, agreeing therefore 
with the presumably Laurentian of Scotland, this, however, is not to be regarded aa 
of great significance, on account of the variable stnko of similar locks in Shetland. 

The sandstone senes is shown to be separated by a fault from tbo metamorphic 
rocks, running from N N W. by N to S S E by S ,nnd along winch dHlncation tho 
rocks are changed into hard quartr rock There is described an unbroken succxnesion 
of sandstones and flags for two miles, at an average dip of more than 25°, wlioso 
thickness cannot be eslimated at It^s than 4ttK) feet 

No fossils having been discovered in these rocks, thov are then compared in Ltho- 
logical character and position with the other pandstonea of bhetland Differences 
in composition and t(‘xturo are pomteil out to he due to altered conditions of depo¬ 
sition, the llrossav RJidLeivvick flags and saiidstonos belonging, with the Foula 
beds, to the Old iled Sandstone ot the C’aithness wries 


On the lied NoiZ of India Bg Dr. Gitx:uaTST. 


On Ou Btmta and FoBsds between tlieBorroxvdade Berlea of the Coniston Flag^ 
of the North of England By Prof. HAURNBas, F,R B , and Prof, A. ll, 
Nicholson, MJ )* 


On the Upper Zdmt of the eaecntlally Marine Beds of ilu Oarhoniferona 
. Biiateni of the Bnttah lalesy and the iieceaaitg for the eatahliahment of a 
I Middle Carhoniferoua Group, By Prof. Edward Hull, F,E,B,, 
Director of ike Geological Burvey of Ireland, 

Id tins paper the author endeavours to show tho equivalent stager throughout 
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the Bntuh Isles of the memhers of the OarbonifoToua and dmdes the whole 


into Buccessne stages from A to 0, thus — 

* 

Stages 

Name 

LocalitieM 

G 

Upper Coal-measures 

AlUdle 

Lonoashin, N \A ales 

1 

1 ugland, Scotland Ireland 

1 

1 owtr ditto, i i Gaunistei IVds 

] ngland A\ all s Ireland 

J) 

Millstone Grit 

1 ngland, Scotland, Ireland 

C 

A oredalo b( ds 

England Tt r C oal hi Id of Scot¬ 
land, Ireland 

B 

Carbomfi inns J imestone 

England, Ireland, Calciferoiis 

A 

Jjower CarlxiTiiftioufl Slate, 

CTits aad conglomeiab s, 

L( wcT I iniestont Shale 

Suidstonc ot S( Hand 


Tl*t»e hedn are then ideutitied, both by position and palaeontolo^cal remains, 
over the whole aion and had to sonit important results JStjLCtmp* the e\ideiico 
of fish and plant leinains which are inconclusno, the aiith i linds tha^ there is 
a palfioonhdt ^^ical dHtmction bet woe ii stapres 1 and 1 —tin launa of the one 

(L) boin^ iHHentinlly moriuo, that of the other (1 ) essentially tsUiarint or fresh¬ 
water The lists of spent s ha^e betu o\tr loted tioin the memoiis ot the Geological 
Survtw, tUo doteriuinati )n beiu^ th hc d tht late Ihofesst r 1 1 orbes, Mr S^ter, 

and Ml liailv Tin author of tins paper is lespousibh for the dt tt nnniation of 
the BliatigraphiLal positit n ot tin bids fi im whuu the ‘^pcf los ha\e b en obtained 
He finds iliat thtre are ab mt 5d specie't of injirme gtnora m stage 1 (Ganmster 
beds, or Lowei Coal-ineasiues)*, ol which 33 come up from the Carboniferous 
limestoue but only 4 or pass up into the overlying stage I (Middle Coal- 
lueasurts) indicating a strong palrontological break 

Again, of H iimnno spccits found at ran inknals m stage I ^Middle Ooal- 
nieosures) 4 nic pcculisr to this and the rtimundcr ore common to it and 
stage b Ihe remaining specus belong (o the genera Attfhfaco9Mf Anihracontyaf 
&c, which some authorities rcgaid as of frishwator origin, othtis estuanne, the} 
me probably cither these genera pa*»a mto atAge G 
These didtrenccs, together with some of a strati graphical nature, betwten stages 
b and G on tho one baud and E,l), C on the other, aio so sinking that the author 
submitted that they should be recogniised m the classihcation of the beds , and he 
proposed to istubliah a Middle Carboniferous ’ dnjsion, to include all the stages 
from tho Toredalt (( ) to tlio Ginmslei (E) inilusno This stage would bo 
e scntially marine while the Urm ‘ Upiier ( arbouiforous would bo lestncted to 
the stages E and G, which are shown to bo e-stunrine or fieshwater The tonn 
Lower Garbomftrous would itmain as at present, to designate tho ( aibomferous 
Limeston > and basal lx»ds of the system, stages \ and B 
The author has roa‘iOu to btlie^ e, from information supplied bv Piofessor K lomer, 
of Breslau, that the manno stage E can be identifiea on the continent, both in 
Belgium and Cfenuonv a band with (nmatUi^s and AttcuIo^)ecten ixciiuing about 
100 feet above the base of the Coal Measures, while, as wo learn fromOemiU, tho 
mnllusks of the Coal-forraation gem rally belong to the genus Unto (Anthracosta\ 
BO that this remarkable division, with its marine fauna, has had a mnge as wide as 
tile Bntish Isles and Western i urope, and marks the upward limit of the essen¬ 
tially marine conditions of the Caibomferous system 


On a Deep J3omi^/or Qoal at ^carle^ near Lincoln Commumcated btf 
Profesfioi EnHAjan Hull, FKS 

This boring was undertaken about two years Ago by a small company of Luicoln- 
•hire gentlemen under the advice of Mr J T Boot, mining rngineer, of Mansfield, 
from whom I have received information and specimens constantly dunuff the ope¬ 
rations, besieles having visited the locality in June 1875 The works nave be<»i 
^earned out by the Diamond Rook-bonog Cfompanv, and specimens of tho oores were 
laid on tho table 

* They have since been contidcraWy added to —February 1877 
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The total depth attained up to thiH time is 20*15 feet The boring commences 
n the Lower Lias at a spot a^ut 0 miles south-west ot the city of Liucobi, and 
after tri^erning the f los, Rhaitic, Keuper and Buuter btdi*, the Upper Permian 
and Lower Permian, it entered the (^arb miferous formation at a deptii of 1901 feet, 
the remainder of the stctiou being m f irbiuiferous strata 
The general succession is as follows — 

Depth TInokneM 
ft M 


Alluvium 


10 

10 

Lower Lias C lay 


00 

50 

RhfiPlic Beds ^ 


115’^ 

8t5l' 

Keuper 

I Mails 

7()0 

5lSl 

1 Lower Sandstone 

0)8 

252 

Ruuter Sandstone 


1500 

642 

Permian 

I Uppi r Marls and Magnesian Liim stone 

1^84 

884 

1 IjOWfT Sandstone 

^Grev grits with plints, shales with 
small bivalves ( 

Bluish calcaieoas shales and earthy 

1900 

lu 

Carboniferous 

1055 

55 

Beds ] 

limt stone 

2020 

05 


1 Pino bn ccia 

2024 

4 


L Chocolate col< ured hard clays 

20 JO 

6 


The temperature at 2000 fott was 70 I taken with one of Nigrottia thenno- 
meters supplied by Pr^fess( r F\oiett, of Ilelfast At a depth t 017 feet a strong 
feeder of water was enc luntert d lu the 1 o'sCer Keuper Nandstone and a still str mger 
at 1250 in tlie Hunter Sandstone when the water rose 1 feet abne tin mound 
Ibis water unquesti luably percoliten undorgioiiiid frim n di'itance of 10 or 12 
miles, where the beds trop out 

Ihis boring is exceedingly interesting ns giving the depth of thi Curboniftrons 
rocks so far troni the b<iraers of the Nottinghanisliiit. coal-licld, and as giving the 
thickness ot the overlying toriuations, but it has (untoitunately for tlie spiiitrd 
gentlemen who have undertaken it) not as yit produced anv sahslactory results 
The Carbomteroua Kds are of so peculiar a chaiacter that I hesitate to attempt to 
identity them with any particular division of the Carboniferous system Mean¬ 
while, as the boring is still Kung prosecuted, it is hoped that siniciineua of a moio 
dehnite nature may be brought up 


On Terimry Bamlt’-rock DykeB in Scotland By R L Jack, F Q S 


On some Ntw Mtnerah^ and on poubly refracting Garnets 
By l)r VoNLAsvtLx 

The writer exhibited specimens of the new mintrol which he terms melanophla^ 
gde in consequence of its peculiarity of beioming black when heated before the 
blowpipe It occurs in V( ry small cubic crystals, ot pale brown colour, seated on 
little scalenohedra of calcite which are associated with the sulphur and celcstine 
of Girgenti, in Sicily According to analyses, melauophb^ite contains 8fl29 per 
cent of Bihca, 7 2 or sulphuric acid, or some acid of the thionic senes not yet de- 
tennined 2 8 of strontia, 2 80 of water, and small quantities of alumina and feme 
oxide Dr Von Lasaulx also exhibited specimens of his new species aertmU^ and 
several microscopic sections of gamete which exhibited double refraction Re 
entered into an explanation of the causes of such optical irregulantiea in monometnc 
crystals, and referred them partly to the effects of tension, pai tly to chemical altera¬ 
tion, and portly to co^lexity of structure, due to alternations of isotropic and 
HpBotropic minerals Tnua the variety of garnet called colophomte appears to be a 
flflzture of true garnet and idocrase, hence, whilst one part exhibits single refrac¬ 
tion, another pan shows double refraction 
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On the Changes affecting the Sonthtrn Extension of the Lowest Ca) honftrout 
Rocks G A Leboub, F G S 

In Scotland the lowest division of tho Carbonifoious senes cousiMts of the rocks 
called * the Caluferous Sandstones ’ by Moclaren, and u‘<ually known m the 
ninth of 1 n^land as *‘luedian ^ Prof Geikie has shown that the lower lumt of 
these rocks morj^es maensibly into the upper portion of the Old lied Sandstone senes 
In Kng^land tluir uppei limit seems to be equally indehuite, and runs m a kind of 
lateral doietaiimg into the lower beds of the Carboiuftrous Linu^tone senes or 
Bemician * It is this of 1 uedian intoPemician which furns the subject 

of the papei Somt remai ks as to tho tt miinology ot the senos followed, and also 
a short account of tho4iiprher diviai ms of th* Carbon iftro us as repn sen ted m the 
north of J n^lond, piintin^ out ospetiilly that the mode of deposition there was 
nearly of the eamt cliaracter from the base of the MillsUme Out to the Old lied 
senes, a sh^rlit and \try gradual change from brackisli to purelv marine conditions 
being the only one of a sulhciently m irked and important (haracter to be taken 
into account Tim author admits but two C arbomferous divisions—the Upper, con¬ 
sisting ot Goal-measuros, (laiinistu beds, and Millstone grit, and the I ower, inclu¬ 
ding the Bcrnician or Carlxmiferoiis Limestone and the Tuedian or Calciferous 
Sandstones 


On Uu Parallel Roads of Olen Roy By J 3klAtFAi)ZBAN 


On the Parallel Rocals of Olen Roy By David Miinf-Home, LL D, 

The object of the author in this paper was to notice the views of Dr Tyndall 
given in a Lecture on Glen Roy, delivered in the Royal Institution, London, on 
2l8t June, 18713 

The author thought that Dr Tyndall had allowed to himself too short a tune, 
VI* only two days, for an < xammation of the I o< haber district os m that space it 
was impossible to see more than a tenth part ol tho tliiugs which should be exa¬ 
mined tor a solution of tho Parallel Roads pioblom 

Dr Tyuidall had apparently gone to the district with preconceued minions in 
favour of the gla( ler theory to explain how tho lakes had been coutined His know¬ 
ledge of the Swiss glaciers eminently qimlihed him to see on the spot whatever 
could be urged m support of that view But, after all, tho result of Dr 1 yndall’s 
inspection had only sstished him that there was a ^^ptobabxhty ’ ot the correctnesa 
of tho glacier theory, though a probability so great ns m Dr Tyndall s opinion to 
amount to a practical demonstration of its truth ' 

To pave the way for the adoption of the glacier theory of lake-barriers, Dr Tyn¬ 
dall began his lecture by attempting to annihilate what seemed to him the only 
other explanation worthj of notice, viz that hrst suggestt d by Sir Ihos Dick louder, 
and defended by Mr Milne-TIome, that the lakes were dammed by detntal blockage 
He states that this explanation may with safety be ^‘dismissed as imompetent 
to account for tho present condition of Glens Gluoy and Ro\ 

Dr Tyndall, however, seems to have supposed that no bttter support could be 
given to the detntal theory except what was stated m Sir Thomas Laudt rs paper, 
published about sixty years ago, ignoring altogether what had been advanced in 
support of the theory ny later writes He, for example, states that the detntal 
barriers were supposed by Sir Thomas Lauder to have been heaped up by ^ some 
unknown convulsion,” a view which no one now suggests, and wnich Sir Thomas 
himself never entertained 

What IS stated m support of the detntal theory is, that a blockage existed at the 
mouths of the glens, created by the detntus, which then filled the valleys, and 
which reached even to tho mountain tops at heights of nearly 2'500 feet above the 
sea I^dall admits the abundance of dotntus at these heights, and even allows 
that the Parallel Roods were formed on the detritus 
Qlon Collong shows that the barrier there must have been only 700 or 800 yards 
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in length and about dOO feet in height^ ae tlie lakes in that Glen must bare been 
sepi^ted by a blockage of these dimensions 
T)r Tyndall alleges that all the glens on the south side of Olon Spean were filled 
with ice whilst those on the north side were filled with water But so far from 
there being e^ ideuce of these valleys being filled with ice, it appears that they also 
occupied by lakes, the traces of which arc still visible iii old beach lines. 

Even it there had been glaciers in (ileus Treig and N Eoin, as suggested by Mr 
Jameson, it would have been imposaiblt for those glaciers to have protnided tongues 
long enough to have reached the places in Glens Koy and Oollang where harriers 
are required to have been 


Oh llx<jh levil Ten aces xn Canon Valhif, Voiuity of Ltahthyow 
By Da\id Miijra Homf, LL D 

The ri\er Carron runs into the IVith of Forth near Grangemouth The princi¬ 
pal tnbutaiy is the Bonny 

The whole of that district situatwl to the east of the Kilsvth and Oargunnoch 
hills IS covered with deep beds of gravel and sand The sand occurs in beds, mostly 
stratified and geneiallv nonzontal 

No manut fusmls have botm 1 mnd in those drift-beds, but tho gieat probability 
la that tht y lu'o marine 

1 he first set of terraces occur at a heiglit of about 140 to 150 foot above the sea 
Flats at that height cocur on both sides of the voUt y some miles west of h alkiik, 
these flats slope towards the eastward, i e towards the sea, so that near Grange- 
month they vorv little exceed 60 or 00 feet above the sea 

l(3trracefl at a height of from 140 to 160 occur also in the upper parts of the 
Car'^e of Stilling 

'ihe second set of terraces occurs only along the banks of the nver'i, aud is at a 
height in the ( arrou of about 16 ftet, and in tho Bouny of about 20 feet above the 
present course of these nvers 

It 18 presumable that these Laughs wore formed when the Carron ran in a channel 
about 27 feet above its present level, and when the Bonny ran about 2S foot above 
Its present level 

The formation of these haughs indicates that the rivers had run permanently m 
channels at that height The sea therefore, in sinking, had paused in the process, 
and had stood at a height of about 24 or 25 feet above the present level 

This inference is conbrmod by the fact of there being trace* of an old sea-beach 
at about that height visible along the coast of the Fnth of lorth 

The pebbles in the gravel-beds of the district are generally ftagmente of the hard 
porphyry rocks of the Gargunuoch and Kilsyth hills, situated to the westward 
They could have come from uo other quarter 


Oh the Bayshot Peat-Beds W S Mitchjsll, LL,B, 


On Cirmnnate Vematxon of Wphonopterifl afflnis fiom the Earkeei Stage to 
CompleHon , and on the Ihicovertf o/Staphylopterus a Qoma new to BrtUah 
Rocki C W PsAOB, A.L^ 

The author stated that he had met with Sphmoptens qffiuu m the Carbomferoua 
blue* ” (shales) of an oil-shale pit at West Calder, near Edinburgh, In circimmte 
vernation, and with it a cunous form, apparently a StaphyhpUna (?), new to British 
rocks Several specie* of this new genus have 1i>een found m Carboniferous rocka 
by the officers of the Geolojnc^ Survey of Illinois and Arkansas, in America, these 
I are figured aud deaenhed by I eo Lesauereux in the Geological Transaction* of those 
^ States The author stated that his differed from all these, and thus, until more i* 
known about the British one, he had provisionally given it their generic name. 



THANSACnOKii Of Sllh SECilOS^ 05 

Oil the MountoMi Limeetone of the West Cca$t of Sximatra Brj Dr P IIomk£ 


On ilie liaised Beach on the Cumherlayid toa^t^ hcincen D' luttluuen an I Bon¬ 
nets J)// 11 Ul88fit, C/>, 1 and J V Iloiiita, I O'S , H M 

Geoloijual hunof^ Lnijlaiul and Waha 

On the toast of ( umborlnml betwttn Woikmgton and Bowhihs tlio reniRms nf 
an old rttu b( tuli can ho nn st distinctly followed, and Bouth fr nu th( former place 
th le IS ahnndfjiit tvid me to sliow that the tit vation of the loud maiktd by this 
x'libtd btotb ath ct< d the A^ll do of this portion of the west t ast of Cumbeihind 
Iho chu ict( nstic app< aianee w lucli the lais d beach presents is a flat of greater 
or ksa width stretching inhiud—m anno cases t( miiuatnig at the base of a chtf, and 
in other insxmcos bounded by a flat fiom 4 to 5 tect below tbo level of the surface- 
grav el of this dd beach 

^ )itk of \\ oiUmj^on we have an example of tlie former e ise, and at SiUoth an 
mstaiue of tin lattei 

Ihe suifacn of tins flat is covorc 1 with a numhd oi ndg« s ajipioximatelv parallel 
tt» the coast line and 1 j each )Uiti and llicso ndges f nsist ot sand and giavel par¬ 
tially Co\eiLd atvaiious plaits al ng tin cjsstwith blown sand Ihis iidgy ap- 
ptftijiuto IS seen l> 1 m> exactly hke tl at poUi u 1 tbo preaeut beach lying h^ 
tween the levels of the hight si spring- and the hij^hest neap tidas^wheie small 
ndges of gravel aio obseivedtv be thrown up at the van nis ddh rent levels to which 
the tide nows in the iiitenal b tween the two pern Is above referred t) Typical 
oxaiuplts fhoiacteustic oi litt inil deposits aio seen at A\ oikington, IlnmugtoB; 
'St Ike s, an 1 at uiune rous plae es along tho coast 

Ihe general re sembhuue be tween this uyptr te mice and the present btach, even 
in the absence of niaime slicllsm the foinier, shows that thei process ot iormation 
ill both ca^s nmst have be'oii the same 

On tlu coast between Workington and \Vhitebav e n it exists m small isolated 
patches as at tho noith end ot the rulge at Chapel Ifill, at Haningtou, at PartoUi 
and at Whitehaven 1 rom Woikmgton northwards through Mary^ort to Brown 
lligg the line of an old se a cbtl is toi the most ])art very distim tly marked, at the 
base of which oecurs a flat ot fiom 10 chtuns to 2 chains m breadth , at AUonhy 
this flat 18 bounded by a grivi I or shingle iidgi , while from feilloth north to Oruno 
Point, end acro'^s Mortcambo B ly, from Anthorn to the Solway Viaduct, tho country 
on the east of the old be ich consists of a loamy plain, several feet below the level of 
this beach, Irom d to 4 milos broad, and dotted here and there with a few patches 
ot sand and gravel 

The height of the raised beach from 20 to 26 feet, rarely i xceeding 30 ft et nbov e 
the prisont sea lovt 1 Ilowevir the base of the old sea-chff’ from Oyster Bank to 
1 otter Gill north of W orkingtou, is about 40 feet above mean sca-h vel, and there 
18 no distinctive clifl marking a 26-feet beach, it would therefore*seem that after 
tbo brat upheaval the elevation continued to take place very gradually until 40 feet 
was attained, the beginning of tin peiiod of elevation biiug indicated by the level 
of the land at the base of this clifl, and its close by the prt sent si a level 
A consideratiou of tho evidonco to bo obtained from Homan comps and other 
remains along the coast seems to louhrni the conclusion arrived at bv Mr Milne- 
Ilomo in regard t > tbo latest elevation of the land on tho bcotch coasts, viz that 
it was prior to tho liouiftn occupation of this countiy 


NotiS on the B) tfts and Bouldeiaof ihe t of the Valleij of ihe ^harfe, 

JTorl shii e By Kev B Sewell, M A ^ F G S ^ li G S 

It IS evident that the W harfo valley m many places must once have been filled 
up to a certain height with ^ravellY dnft and boulder-clays, containing a very 
Im-ge quantity of >nll8tone-gnt blocks, and that since then tho rrver has exca¬ 
vated a chanuel in the drift to the d4*pth, m many places, of at least 160 feet* 
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Kow if we nuppoft© the cravelly drift to have been depoaited by the river Wharfs, 
this muflt have tahon place after the Olaciftl period, aa it is clearly of newer date 
than the two boulder-clayB It would follow that tho longitudinal slope of the 
nver-coiirae and other conditions must first liaie been faiourable to deposition, and 
that afterwards the conditions changed, so aa to enable the river to commence that 
proceBfl of denudation, or carrying away, which la still going on 

WTiilc, however, it is somewhat dilRciilt to conreiie of postglacial changes so 
great aa those, ne<'essitated by tins tlioory of the fluiiatile origin of the ^a\els, 
we have no clear evidences of siuh changes having occuri'ed aince the final emer¬ 
gence of the land above the glacial sea 

The rival theory that the gravels were deposited by the Bi'n during the gradual 
nse in tho land acrouuts for their pell-mell and vantnl character, and for the exis¬ 
tence of boulders lying at nil angles. Tho InthT may have been dropped from 
floating ice which may still have lingered on the surface of the sea 

At a considerable elevation abore the channels of the Aire and Whorfe, and 
where there is little or no clay or gra’vel, many angular and subangular boulders of 
limestone may l>e seen resting on MilNtone-grit They have chiefly been trans¬ 
ported from lietMeen the north and west, and in manv instances they would appear 
to have crossed the intervening valleys and ridges Mr Mackintosh mentions two 
limestone erratics near the south-west corner of Unibsav Moor, at an altitude of 
about IKK) feet above the sea They may likewis(‘ Ih) stsm on Barden Moor, and a 
large number have been found at Bmden Ueservoir, about one mile south-weat of 
Barden Tower A few small fiagmeiiU of limestone may be found resting on the 
Milletone-grit of Rombolds Moor, south of Ilkley, ut a height of at least 1100 feet 
above the sea 

On the east side of the Whflrfe i alley, n^sr Applctreewick,” tliere is a hill, 
consisting of Millstone-grit, called Synionds Seat (marked in the Ordnance Map 
Earls Seat) On the side of this lull hnieslone fragments, which must have come 
from the w est or north-west, may be triu'ed up to a height of 1200 foot above tho 
sea, but not to a greater lieiglit, as I lately ascei tinned 
At High Skyreholme, or Trollas Ohyll, about a mile to the north of this hilJ, 
arc found a most inteieating senes of limestone-ravineg, ranging east, north-east, 
and south-east, whose almost perpendicular sides nse 800 feet, their summits being 
not less than 150 yards distance from each other, 1200 feet above the level of the 
sea On their rugged bottoms are scattered vast numbers of huge blocks of Mdl- 
stone-gnt in all directions 

The whole of this distnct is, geologif ally, exceedingly interesting 
The author bebeves it may now bo regarded as a fact there are no erratics on tlie 
eastern slope of the north Eennine Hills m the distni t under notice at a greater height 
above tho sea than 1200 feet On the western slope it is well known that they hate 
reached a considerably greater altitude 


On the Upper Silurian Rocks of Lesmahagow* By Dr. R Si.iMoir, 


On the AgCf jPauna, and Mode of Ocnirrence of the Phosphorite Deposits of the 
BotUh of Prance. By J. E. Taylor, F,G S. 


On Ridgy Structure m Coal^ with Sugffestions for accovnhny for tU Ort^n. 
By Prof. Jamlb IbioHsoN, F.RS.E. 


^rther Illustrations of the Jointed Prismatic Structure %n BasalU and other 
■ Igneous Rocks. By Prof. Jamrs Thoacson, F.R.S.E, 
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Oa eerimm pre-^Carbon^eroui cmd MeiamorphoHd Trap~dykea wid ^ A$»c- 
euiUd Bo^ of North Mayo^ Iretand By Wiluam A Traili, MAJ, 

FJt GJ31 ^ H M Oeologieal Survey of h eland 

llie author fint described the locality m North Mavo lying between Downpatrick 
Head and Broad Haren, and referred to the geological map of Sir itichard 
Griffith 

Ihe physical features presen tedpreoipitous coast sections at Keady Point 3*)9 
fbet high^ and at Ben wee Head 82d feet high, in bold and perpendicular headlands 

The geological formations comprising the older or metamorphic rocks lying to the 
westward consist of flaggy quartzites and micaceous sohiste, often much contorted 
and orerlapped The newer or Gaiboniferoua rocks extending fit>m the Olenglaasera 
river eastward, with a primary dip E N E at low angles, comprise white, >ellow, 
and red sandstones, with green and red shales, ana limeetone bands and beds 
farther eastward 

Theae Lower Carboniferous sandstones rest unconfl rmably on the metamorphic 
rooks, which is beet seen along one side of a fault at Fohernadeevaun, at the mouth 
of the Olenglaasera nver The basal bed of the Carboniferous strata is a con¬ 
glomerate of fWim 1 to 4 feet in thickness, meiging mto the overlying sand¬ 
stone beds 

With all due deference to the author of the geolomcal map referred to, the presence 
of the band of Devonian rocks, as there represented intermediate between the meta- 
morphio and Carboniferous rocks, was called in question and regarded as not 
existing in that locality 

The intrusive igneous rocks of the district, though much resembling each other, 
and both belonging to the basaltic type, were shown to belong to two distinct 
epochs with regard to tbeir time of formation, and also to possess characteristic 
dlstittctions 

The older set are undoubtedly of pre-Oarbonifcrous age, as unmistakable frag¬ 
ments are found in the basal conglomerate of the Carboniferous rocks, and thej 
seem to have existed before and to have been metamorphosed with those be^ 
among which they had been intruded Ihey largely penetrate the m< tamorphio 
rocks, but are not found withm the area of the Carboniferous strata. They occur 
chiefly In sbeeClike dykes up to 160 feet in thickness, and are often contorts with 
the 1»ed» they penetrate, though apparently the cause of some of the minor cramp- 
llfiffS They are seldom hexagonal, spheroidal, or amygdaloidal in structure 

As examples of these, specimens were exhibited and detailed descnntions given 
of dykes ou Benmore and Glencalry, at Belderg Harbour, and I aghtraurragha, 
showing the eflects of the metnmorphic action umu them, viz the change from a 
hard sj^teiy zmcrocrystallme bas^t towards the centre, to a fibrous homblendio 
schistose rock, with soft gretu chlonte and nests of green chlontic mica, the ex¬ 
terior becoming very schistose, platy, and micaceous, resembling a mica-schist, in 
part, those might be considered aialw^ The felspar is plogioolastic and has a cha- 
racterutic white weathering m crystailme mottlings through the greenish base. 

The adventitious minerals frequently present are mica, chlonte, epidote, garnets, 
hottAdende, quartz, oalcite, varieties of ^Ispar, and iron pvntee 

The newer set, or post-Carbomferous dykes, are protobly of Tertiary ago, and 
#eetm to All cracks or flsauree or lines of faults Ihey are bai^ts md6lly m vertical 
dtkee^ atid always cut the sheet-fake dykes, and are frequent^ faexsgonaL spfae- 
fSidal, or axnygdalindal in structure and usually bear W N W and E S L, and 
eildcdtt exceed 25 feet m width By their decomposing they separate many of 
the email islands from their resp6ctne headlands by narrow precipitous gullies, oi 
ferea ohaitme into the cbffii one of those clefts has vertical walls over 460 feet 
M|gh/ and in part does not exceed some 10 feet m width, this same Assure also 
cuts offi some four islands from their adjacent headlands, the view down which is 
AnkCWt tmiqne 


On the Svb-Wealden Eao^raUon By H Wiimr, FQ8 
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Becent Reimrclies into Organization of some of the Plants of ths Coal^ 
weamres By Professor W. C. Williakson, F,ltS, 

In bringing the subject before the Geological Section the author chiefly aimed 
at demonstrating the strurturol identity of CalamxleB and Calamodendron and of 
Lepidodendron and SigxUarw, The stems of CahrmUB described in his first 
memoir pubiiphediu the ^Philosophical Transactions ^ were very) onng ones, in wUch 
the higmy distinrtnt* Oulauiiteon organization was well preser\od, and in one of 
which the lascular cylinder, composed of a ring of detached woody wedges, was 
enclosed m a thin parenchymatous imdiflerentiatod bark He now exhibited a series 
of spccimenp, beginning with one less than -jV inch in diameter, in which the vas¬ 
cular cylinder "was represented by little more than a circle of the canals, one of 
which IS located at the inner angle of each vascular wedge, and in which the bark 
was thin undifferentiated parenchyma. From this starting point, the author passed 
through a senes of intermediate examples up to one m which a largo pith was sur¬ 
rounded by a cylinder of vessels having a circumference of 15 inches, and which in 
turn was enclosed within a bark inches in thickness The outer portions of the 
vascular cylinder had lost most of the special arrangements of its tissues so charac¬ 
teristic of young stems, which were now modified into a mass of thm radiating vas¬ 
cular wedges, separated by e^qually thin medullary rays, the condition being idmost 
identical at tho nodes and at the mtemodefl The Dark also is now diflereutiatod 
into two layers, an inner parenchyma and a thick outer proaenchyrao, the cells of 
tho latter assuming the prismatic type There is little or no doubt that externally 
to this the living plant Assessed at leost a third layer of parenchyma not preserved 
In the author’s specimen. 

A senes of sections was then exhibited, demonstrating the erroneousness of 
Brongntart’s distinction between Leptdodendrm and SigtUarxa The author hod 
previously poiuteil this out in tho case of the Leptdodendra charactonsUc of the 
lowermost Carboniferous rocks obtained from the Burntisland deposit He now 
showed that it was equally true of tho common L sclaginoides of tne Upper Coal- 
measures, whilst L hat courtn Las only the structure long ago desenbed by Brong- 
niart, \ iz an inner vascular cylinder not developed exogenously All the other 

a dodendra referred to possess an outer exogenous cylinder such as Brongniart 
ived to be characteristic of Styxllarta. and which exists in tho Anaha&ra of 
Withara and the Dtploxylvn of Corda. The author thus concludes that the Lsjpi* 
dodendron haremirtn represents the lowest dewee of development seen amongst the 
Ltptdodendra.sA &g%llar%a exhibited the highest, whilst the Lepidodendron ddag^ 
noides of the Middle Coal-measures occupies an intermediate pomtion* 


On the Junction of Granite and Old lied Sandstone at Corrieand GlenSanno^y 
Arran, By E. A. Wunboh, F,0JS, 

The object of this paper is to show by specimens and diamms that the rock 
intervening between the granite and the stratified rocks on the north-east coast of 
Arran is not, as held by Professor Ramsay and Dr. Bryce, a band of slate. There 
8 no slate in oil Glen Sannox, nor as far south as Brcxiick Castle, Tho sedimentary 
rocks, Old Red and Carboniferous, crappinij; upon the shore, retain in a remarkable 
manner the same pneral dip, the mituu direction of which is given to them by 
the great anticlinal axis of mid Sannox, and abut right against the granitio nucleui 
of the ulimd. 

As we approach the junction, at a height of about 800 feet from the aea-lev«l^ 
the angle of induiation becomes more highly inclined, and the hitherto clearly 
stratified beds assume a granitoid structure 

At the point of contact the Old Red Sandstone is so altered as to resemble slale^ 
^d was mistaken for such and circumstantially mapped down as an exteoaiTe 
%and of slate by Dr. Bryce; but no one can mistake the real character of the todk 
if he begin bis examination in the bed of the burn, about 60 yards below the 
junction, where the Old Red Sandstone is seen exposed in its unaltered state, fiiMh 
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gitdned and of the usual deep red colour, dipping S.E at an angle of about 45°, 
and starting from this point the graduallj altered character of the rock becomes 
apparent every few yards as we proceed towards the junction 

The first appearance of change is shown in a senes of chocolate-coloured rocks 
with greenish veins and streaks traversing them, and as these become more indu¬ 
rated they turn lighter in colour, and take on a beautifully mottled appearance, 
closely reaerabbng >anegated marble, and finally, within a low jards of the junc¬ 
tion, the rook turns dark grey or almost black The actual contact w beautifully 
eeen on the almost perpendicular face of the rock, under a waterfall formed by the 
small burn flowing o\er the lip of the Come south of the grand peak of Ciod-na- 
oJgh. 

Identically the same appearances are observed when ascending up to the granite 
m the bed of the ** White Water,*’ the falls of which forma conspicuous landmark 
on the hillside above Come. 


The author made iheso two points typical, and his specimens and diagrams re¬ 
ferred to them, but numerous other sections are laid bare in the small bums and 
ravines intersecting the hillside, and bear out the same conclusions 

The author showed a diagram from Come to the White Water, showing that if 
it were not for the extensive denudation that has taken place we should probably 
see the Carboniferous rocks abutting against llie granite, as they must originally 
have done He also gave an onlaiged copy of l)r Bryco’s map of the localities 
referred to, accompanied by a duplicate map of the same localitio*? and on the same 
scale, with the supposed slate leplaa'd bv the Old Ued Sandstone. In Glen Sannox 
bum the junction appeals to take place by coutait of the granite with the massive 
Old Red conglomeiate, mid ho was able to cvlubit spccimoiis quarried out of the 
bed of the burn showing largo rounded quartz pebbles m a state of somifusion and 
the matrix of the rock traversed by alternate black bauds and streaks and white 
Bcmigronitic veins and patches, but though the actual junction must bo within a 
few yards of the spot wnere be quarried, he was imable to lay it bare, owing to the 
deep water and the mass of gravel and sand in tbo bed of the bum. 

lie also mentioned that everywhere) at the point of contact vv ith the Old Red 
Sandstone the pranito is delicately mottled or clouded (os shovvni by his polished 
epecimebs), os if the black him ot the absorbed moss had remained floating and 
become fixed in the wliite pasty mass. And this appearanco bo holds is m itself 
sufficient to point to a junction of gramte with rock othci than slate , for though 
innumerable instances may be seen in other parts of tho island of junctions of 
^;raaite with true slate, in not a single mstance is the adjoining granite aflbetod 
ui this particular manner. 


On Siliceous Sponges from the Carboniferous Limestone near Qlasgou\ 

By John Yoima, F,Q,S. 

The author exhibited a senes of mounted specimens of spon^o-spicula re-. 
cently^ obtained from a deposit of rotted limestone filling fissures in the Carbo¬ 
niferous Limestone senes at Cimmngbam Bedland, near Hairy, Ayrsliire. He 
stated that the discoveij of the spicules was due to the investigation of the 
deposit by Mr* John Smitli, of the Geological Society of Glasgow. He was not 
aware of similar sponge-spicules having been found in any other Carboniferous 
limestone district within the British Mes, and their abundant occiurenco in this 
deposit testified to the existencp of sponges with large siliceous spicula over this 
tract of the Scottish Carboniferous sea-bottom. 
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BIOLOGY. 

Addrm hy Aured Russel Wallace, F,L.S,^ Pre^dent 6f ih4 

Section, 

The rangfe of subjects comprehended within this Section is so wide, and my 
own acquaintance with them so imperfect, that it is not in my power to lay 
before joii any general outline of the recent progress of the biological scienoea. 
Neither do I feel competent to give you a summary of the present status 
of any one of the great divisions of our science, such as Anatomy rhysiology, 
Embryology, Histology, Classificntion, or Evolution—Philology, Ethnology, or 
Prehistoric Archfi 0 olog> , but there aio fortunately 8 e\erHl outlying and more or 
less neglected subjects to which 1 have for some time had my attention directed, 
and which 1 hope will furnish matter for a few observations of some interest to 
biologists, and be at the same time not unintelligible to the less scientido members 
of the Association who may honour us with their pri'sence. 

The subjects I hrst propose to consider have no general name, and are not easily 
grouped under a single descriptive heading, but they may be compared wita 
that recent development of a sinter science which uas been temi^ Surface- 
geology or Earth-sculpture. In the older geological works we learnt much about 
strata, and rocks, and fossils, their superposition, contortions, chemical constitutioib 
and affinities, with some general notions of how they were formed in the remote 
post, but wo often came to the end of the volumo no whit the wiser os to bow 
and why the surface of the earth came to be so wonderfully and beauti- 
ffiUy diversified j we were not told why some mountains are rounded 
and others precipitous, whj some valleys are Wide and open, others narrow and 
rocky; why rivers so often pierce through mountaizi*chains, why mountaia 
lakes are often so cnormouHly deep, whence came the gravel, and drift, and 
erratic blocks so strangely spread over wide areas while totally absent from 
othlf areas equally extensive. So long as these questions were almost ignored, 
geototy could hardly claim to be a complete acimcej because, while professing to 
explain how the crust of the earth came to be what it is, it gave no mtblhnble 
account of the varied phenomena presented by its surface. But of late years Uiase 
surfaOa-phenomena have been asaiaaounly studied, the marvellous effects of denu-^ 
dathftt and glacial action m givingthe final touches to the actual contour of the 
earth*s surface, and their relation to climatic changes and the antiquity of man, 
have been clearly traced, thus investing geology with a new and popular interest, 
and at the same time elucidating many of the phenomena presented m the older 
formations 

Now just as a surface-geology was required to complete that science, so a surface 
biology was wanted to make tne science of living tnings more complete and more 
generally interesting, by applying the results arrived at by speciad workers to the in¬ 
terpretation of those ext omal and prominent features whose endless variety and beauty 
constitute the charm which attracts us to the contemplation or to the study of nature. 
The descriptive zoologist, for example, gives us the external obaraoten of a*i-* 
mals; the anatomist studies their mternal Btructure, the histologist makes Imown 
to us the nature of their component tissues, the embryolodst parientlr watches 
the process of their development, the systematist gproups them into classes and 
orders, families, genera, ana species, '^hiie the field-naturalist studies for us thEcir 
fo<sl and habits and general economy. But till quite recently none of these wuert 
students, nor all of them combined, could answer satufactonly^ or even attempw 
to answer, many of the simpleBt questions concerning the external characters and 
general relations of animals and plants. Why are Sowers so wonderftiUy yad^ 
m fork and colour F what causes the Arctic fox and the ptarmigan to turn whits 
in winter? why are there no elephants in America and no deer in AusUAUa^ 
why are closely allied species rarely found together? why ore male animals sd 
ft^uentJj bnght-co^oured ? why are extinct ^msls so often laiger ihm those 
which are now living P what has led to the production of the goveous train of 
the peacock and of we two kinds of flower In the primrose P Tne aolutios ^ 
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thefte and a hundred other problemi of like nature was rarely approaclied by the 
old method of study, or if approached was ouly the subject ot vn^ue speculation. 
It 18 to the illustrmufl author of the ^Ongin of Species ’ that we arc indebted for 
teaching ufl how to study nature ns one great, compact, and beautifully adjusted 
system Under the touch of his magic wand the countless isolated facts of internal 
and extertial structure of living things—thcir habits, their colours, their develop¬ 
ment, their distnbution, their geological history,—all fell into their approximate 
places, and although, from the intricacy ol the subject and our very imperfect 
Knowledge of the tacts themselves, mucli still remains uncertain, jet we tan no 
longer doubt that o\cn the minut#*st and most siiporhcial peculiarilies of uuininls 
and plants either, on the one liand, are or have been useful to them, or, on the 
other hand, ha\c born (l(‘vcloped under the inHmmce ot general Jaws, uhirh we 
may one day understand to a much gieitei extent than we do at prosent 8o 
groat IS the alteration eiPected in our compiehcnsion of natme by tJie studj of 
lanation, inhontance, (ross-breediug, competition, distribution, protection, and 
selection—showing, as they often do, the meaning of the most ohscuio plienomena 
and the mutual dcpondenie tif the most widelj-sepaiahsl oiyanisms—that it can 
onl\ be fitlj compared with the analogous alteration produced in our conception of 
the um\er(ie bv Newton’s grand discoveiy ot the law ol gravitation 

1 know it will be said (and is said) that Darwin is too highly rated, that some 
of hia theories me wholly and otlieia partially cironoous, and that ho often builda 
a vast superstriK tun* on a ' cry uncc'rtain basis of doubttulh intc*rpreled fm ts Now, 
even admitting this criticism ti» be well founded—and f mjself believe that to a 
limited extent it is so- 1 neverlludcss maintain that Ihuwin is not and cannot ho 
too highly rated , for Ins greatness does not at all depend upon his being inlaUible, 
but on his having devclojied, with rare patience nnti judgment, a now sv stem of 
observation and «^tudy, giiidod bv certain jyeneral principles which aro almost as 
simple as gravitation and as wide-reaching jn their etlccts And if other principloa 
should hereaftei be discovered, or if it be proved that some of hissubsidiinv theories 
are wholly or partially eiixineous. this very discoverv can only be made by hdlowing 
in Darwun’s steps, bj adopting tue method of rosourth which he has taught us, and 
by largely iwing the rich stores of material whuh he lins collected The M)rigin 
or Species, ’ and the pand senes of works which have succeeded it, have levolu- 
tionized the study of biology they have given us new ich'as and fertile piimiples, 
they have infused life and vigour into our science, and have opened up hitherto 
untnought-of lines of rese ircli on wdiich hundreds of eager students aio now la- 
bounng. Whatever modiftcaturns some of his theories mav require, Darwin must 
none the lees be looked up to ns the founder of philosophical biology 

As a small contribution to this great subject, I propose now to call your atten¬ 
tion to some cunous relations of organisms to their environment, which seem to me 
worthy of moip systematic study thnu has hitherto been fnven them The points 
I shall more especinllv deal with are—the influence of localitv, or of some imknown 
local causes, in determining the colours of insects, and, to a leas extent, of birds, 
and the way in which certain pocuhanties in the distribution of plants may have 
been brought about by their dependence on insects The latter part of my address 
will deal with the prosent state of our knowledge as to the antiquity and early his¬ 
tory of mankind 

On some J^elaliofis of Ltving Things to their Environment, 

Of all the oxtemnl characters of animals, the most beautiful, the most varied, and 
the most generally attractive are the brilliant colours and strange yet often elegant 
markings with which so many of them are adorned Yet of all characters tliis is 
tile most difllcult to bring under the laws of utility or of physical connexion Mr. 
Darwin—as you ore well aware*—has shown how wide is the influence ot sox on 
tile intensity of coloration, and he has been led to the conclusion that active or 
volimtary sexual stdection is one of the chief causes, if not the chief cause, of all 
the variety and beauty of colour wo see among the bij^her aniiunls This is one 
of the points on which there is much divergence of opinion even among the sup- 
poilers of Mr Darwin, and one os to which T myself diffei from him. I have 
argued, and still belie\ e, tliat the need of protection is a far mure eflicieat cause of 
1876. IT 
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^ anation of colour than is generally suspected but there are evidently other causes 
at work, and one of these ee^ ms to be an inHuenco demnding stnctly on locality, 
whose nature e cannot yet understand, but whose enocts are everywhere to be 
seen when caiefully seaichcd for 

Although th( caieful expinments of Sir John I ubbock have sh jwn that insects 
can distinguish colours—as might ha\e been inferred frt m the bnlhant^colours of 
the flowers which aic such an attra tion to them—yet we can hardly believe that 
their appreciation and love of distinctive colours is ho reflned as to guide and regu¬ 
late their most \>oweiful malinct—that of inipr duction We arc ther fore led to 
seek some other cause for the ^al^d coh urs that pre\ail among insects, and as 
this venoty is most conspicuous among butterflies—a ^rt up p rhaps bettor known 
than any other—it ofFors the best means of studying the subject The vanety of 
colour and marking among these insects is something marvellous There are probably 
about ton tliousand d ffen nt kinds of butterflies now known, and about hall of thoso 
are so distinct m colour and marking that they can bo readily distinguished by this 
means alone Vlmost eiery conctnabU tint and pattern is represented and the 
hues aro often of smh intense brilliance and puntv oa can bo t quailed bj neither 
buds nor flowers 

\ny help to a comprehensi )n ( f tbo causes which may hav e concurred lu bring¬ 
ing afK>ut so much diveisity and beauty must be of value and this is mj excuse tor 
laying before }ou the more inipc itant cases 1 have met with ot a connexion between 
colour and locality 

Our hrst example w fiom tiopical Afnea wht re we find two unrelated groups of 
butterflies b( longing ti tw > verj distinct families (Njmphahdm and Papilionidm) 
characterized bj a pn vailing blue green colour not f( und in any <. ther continent * 
Again, we ha\o a group of African Piendm whu li aro white or pale yellow with a 
marginal low of bead like black spots and in the same country ont ot the I yctenidee 
{Lepiemt cimtuB) i» coloured so exactly like these that it was at first described as 
fC species of Pterts IS me of these four groups are knowm to be in any way speci¬ 
ally protected, so that the resemblance cannot be due to protective mimic^ 

In South America we hav e tar more stnlong cases , for m the three subfamilies 
Datuftn<9f Act<mn<9f and HelteofitirKTy all of which are specially protected, wo find 
identical tints and patterns reproduced, often in the greatest detail, each peculiar 
type of coloration being characteristic of distinct geographical subdivisions of the 
continent Nine very distinct genera are implicated in these parallel changes— 
lycorea^ Cm aiaua, MechanttUf Ithomta^ Melwcea, Titho) eay An cpa^ llelxcmxMy and 
groups of three or four (or even five) of them appearing together in the 
same livery m one district, while in an odjoimng district most or all of them undergo 
a simultaneous change of colorauon or of marking Ihus in the genera Ithomiay 
Mechamtxa. and Hd%€onxti9 wo have species with yellow apical ^ts in Guiana, dd 
represented by allied species with white apical spots in South Brazil In ATikA#- 
MifM, MeUnaay and lidxcmxusy and sometimes in Txthoreay the species of 
Southern Andes (Bolivia and Peru) are characterized by an orange ana black livery, 
while those of the Northern \udes (New Granada) are almost always orange-yellow 
and black Othei changes of a like nature, which it would be tedious to enumerate, 
but which are very striking when specimens aie examined occur in species of the 
same groups inhabiting those same localities, as well as Central America and the 
Vutilles The resemblance thus produced between widely diflerent insects is some¬ 
times general, but often so close and minute that only a critical examination of 
structure can detect the difiference between them ^ et this con heurdly be true 
mimicry, because all are alike protected by the nauseous secretion whicn renders 
ihim unpalatable to birds 

In another senes of genera {Catagrmnma CaUxiheay and all belonging to 

the Nymphahdas, we have the most vmd blue ground, with broad bends of ore^afo- 
emnson or a different tint of blue or purple, exactly reproduced m corresponding, 
) et unrelated species, occurring in the same locality, }et, es none of these groupa 
are protected, this can hardly be true mimicrj A few species of two other genera 

* BomaUotma and Kxxryphme (NvmplialidBe) PapxUo ra/wtwv and several speoies 
the Atrewd-groiip (PapiltomSa*) 
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)n the enme country (.SWntea and Sideron^i) also reproduce the same colours, but 
with only n general resemblance in the marking. Yet, again, in Tropical America 
we have species of Apattera which, sometimes m both sexes, sometimes in the 
female only, exactly imitate the peculiar markings of another genus (Jfcterorhroa) 
confined to Amenca . here, again, neither genus is protected, and the similarity 
mast be due to unknown local causes. 

But it IS among islands that we find some of the most striking examples of the 
iufluenco of locality on colour, generally in tho direction of paler, but sometimes of 
darker and more brilliant hues, and often accompanied by an unusual increase of 
size. Thus in the Moluccas and New (iuinea we ha^e several Papiiios (i* «<cAcnor, 
P ormeHus^ and P distinffulshod from their allies by a much paler colour, 

especially in the females, which are almost wliite Afany species of IJauaiH 
(forming tho Bubgeniis Itiropnn) are also very palo But the most curious are the 
Euploeas, which in the larger islands aro usually of nch dark colours, while m the 
smul islands of Banda, K^, and Mntabello at least three species not nearly related 
tooach other (£ hoppferi^E nirtjEiort, and E oMtmtlata) are all broadly banded or 
suffused with white, their allies m the larger islands being all very iiiucli darker. 
Again, in the genus Ihadt-ftia^ belonging to a distinct famil\, three species from 
the small Aru and islands {D dems, D hetetUoniiy and 2>. polymena) are all 
more conspicuously white-mnrketl than their reprCBentativcs in the larger islands. 
In the beautiful genus fWAosirt, a species from the small island of Waigiou (C. 
cy;r7*«) is the whitest of the geuus Prothoe is ivprescnted by a blue species in 
the continental island of Ja\a, while those inhabiting the ancient insular groups 
of the Moluccas and New (luinea are all pale yellow or white The genus DrastUa, 
almoBt confined to these islands, comprises many species which are all very pale , 
while in tlie small island of Waigiou is found a very distinct genus, Hyantis^ wnich, 
though dilFenng completely m the neuralion of the win^ has exactly the same 
pale colours and lar^ ocelfated spots as Drimlh KqualTy remarkable is the fact 
that the small island of Amboina produces larger-sized butterflies than any of the 
larger islands winch surround it. This is the case with at least a dozen butterflies 
belonging to many distinct genera*, so that il is impossible to attribute it to other 
than some local influence In Celebes, as I hare elsewhere pointed outti we ha\e 
a peculiar form of wing and much larger size running through a whole series of 
distinct butterflies, ana this seems to take the place of any speciality in colour. 

From the Fiji Islands wo have comparatively few butterflies, but there are 
several imecies of Dxadema of unusually pale colours, some almost white. 

The Philippine Islands seem to have the peculiarity of developing metallic colours. 
Wo find there at least three species of Eupl(m\^ not closely related, and all of more 
intense metallic lustre than their allies in other islands. Here also we have one of 
the large yellow Omtthopter<B (O magtdlamin), whose hind wings glow with an 
Intense opaline lustre not found in any other species of the entire group , and an 
AdohoB § 18 lar^r and of more brilliant metallic colouring than any other species 
in tho aTchipelogo, In these islands also we find tho extensive and wonderful 
genus of weevils {Packyrkyfwhua). which in their brilliant metallic colouring 
surpass any thing found in the whole eastern hemisphere, if not in the whole 
World, 

In the Andaman Islands in the Bay of Bengal there are a considerable number 
of peculiar species of butterfties difToriDg slightly from those on the continent, and 
generally in the direction of paler or more conspicuous colouring. Thus two 
species of Papiko which on the continent have the tails black, in tneir Andaman 
representatives have them either* rod- or whito-tinped || Another species % is richly 
bluo-banded where its allies are black, while tnree species of distinct genera of 

* Omdk&fifera pnamtiM, 0 hdena, Pamlio dripMus^ P P gmmbrmuBtP eodru 9 ^ 

Tpkm$ leuctppej Kupicea proiho^^ Hfstxa lira, Atkyrna Diadema pandariu^ yympMis 

pyrrkrxB, N euryaltts, Drwnlla jatrtts 

* Contributions to the Theory of Natural Seleetion/ pp. 168-173, 

Euplaa heun^Bonttf E diocleham^ E l^t^ca, 

AaolxoB callmkoruM, 

PapiUo rhodxfer (near P doMfdayi) and PapUio ck(tticln (near P, mSTMum). 

Papdio innyn 

11 * 
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Nvmphalldfe* all differ fitim their allies on the couimeut m being of excessirely’ 
pale colours as well as ol somewhat larger size 

In Madagascar we ha\o the veiy litrgc and singuliirly white-spotted Paptho on- 
Unorj while species of thne other genera t are'very white or conspicuous compared 
with their continontal alius 

Passing to the West Indian Islands and Central Anient i (which latter tountry 
has formed a group of islands in vt ry recent times) we ha\o eiinilai indications 
One of the largest of the Papilios inhabits Jamaica 1 while unothei the largest of 
its group, 18 found m Mexico § Cuba has two of tlie Hanio genus wh'ise tolours 
are of surpassing buUioncy || while the fine geuus tlothifda —cmfinod to the 
Antilles and Central Amenca—is leinarkable f>r its rub anti show \ colouiing 
Persons who arc not acquainted with the important stnirtural difierences that 
distinguish these \anous genera of butterflies can haidly itnhiie the importance 
and the siguifuanct of sucli facts ns I ha\e now detailed It mav be well there¬ 
fore, to illustiato them by su] p3smg parallel ca^s to occur am )ng the Mammalia 
Wo might ha\o foi example, m Africa the gnus the tlands and the buffaloes, 
all coloured and marked like zebras Ktrqm for stiqx o^el llu whole body exactly 
corresponding Si tho luiics, mariut ts and squirrels of I urt px might be all n d 
with black ieet, while the corresponding spedts of ( cntral Asia weie all mellow 
with black heads In I^cirtli Ameruii we might have raccoons, squinels and 
opossums in parti coloured livery of white and black so as t xactly to resemble the 
skunk of the samecountiy wlnle in South America thty might be black with a 
yellow thro it patch so as to resemble with iqiial clos ness the tavia of tho iba/ihan 
forestfl \\ ere such resemidanfi s to occur in any thing like tin nninl ei and with 
tho wondoiful ncciiracy of imitation met with among the T pi I pUra they would 
certainly attiact uuivcishI attention among naturalists, and wmiUI 1 ad to the 
exhaustne stmh of theinfiucncooi I icalcau'^es in piojacn g smh stmt ling results 
One somewhat similar case does indeed ccur among tho Mauimali i two singular 
African animals, the Aard wolf {Pidthn) an 1 tin Intcnadtg (ly both 

strikingly resembling hMcnas in their gcmial foini as will as in their spotted 
markings Belonging as lhe> all do to the C Hmi\( ra, though t) thico distinct 
families, it seems quite an annlogons case to those we have inmgin d but as the 
Aard-wolf and tho hy pna-<log are both weak annuals ( impand with the hyjciia, 
the resemblance may be useful, and in that cast would come undd the head of 
mimicry This seems tho more probable because, os a uile, tin colours of the 
Mammalia are protective, and are too little xaned to allow of the influence of local 
causes protlucing any well-marked efftete 

W hen wo como to birds howeier, the case is diffennt, f>r although they do 
not exhibit such distinct marks of the influence of looalit\ as do biitteiflies—pro¬ 
bably because the causes which determine colour are in tin ir case moie c omplex— 
yot there are distinct indications of some effect of tho kind, and we must devote 
eome litfle time to their consideration 

One of the most curious oases is that of the parrots of tho \\ est Indian Islands 
and Ooutral Amenca SGieral of which ha\e white bends or foreheads, occuuiiig m 
two distinct genera^ while none of tin more nuineioiis parrots of South Amenca 
are so coloured In the small island of Dominic i we haM a lery large and iiclilv- 
coloured parrot awjmia) corresponding to the large and richly-colouied 

Paptiio Aofw^« of Jamaica 

1 he Andaman Islands are eq^ually remnikable, at least six of tho pHouhar birds 
diflfenng from their continental allies in bung much lighter, and somctuncs with 
a large quautit> of puit white in tho plumage**, exnctl) corresponding to what ' 
occurs among the butterflus 

In the Philippines this is not so marked a feature, yet we have here —the only 
known white-broastcd kmgerow {Dicruttia tfiirahUtti) , the nfewly discovered Ziiry- 

* Fitplaa andamanen^^ Cefh C/rod^sc clc& 

t i>a?mw Atdandta ninuMura iha U m denihea 

1 Papxlio homtrm § V Javnvs I P ffxmdlfichanurt P vilftetm 

^ PiofiuA albtfron^ and ihry^of 5 nenihs (C Amenca) ( (Ha^ti) 

** Kxttacincla (jdbivmUrM OiociMa aUnqnlar%» Sinrna andamantn»M aj/lotcrpe grtsola^ 
rsr lantfutnaa palumhoides Oa^notxtron cldoxofttra 
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JWifM wholly white tw'Tipftth , thm> n])PLie8 of Jhreimi, ell uhite beneath; 

several Bpe< U's ofPw;«/t, laiyely white-epotted, while nmn\ of tlie pigeoiiB have 
light hhIiy tintji. The buds geuprallv, howe\ei, ha\e ulIi dark colours, similar to 
those whi(h prevail oinong the butterflies 

In (Vlebes we have a swallow-shrike and a peculiar small crow allied to the 
jackdaw *, whiter tliau any of then allies in the surrounding islands, but otlierwuse 
the colours of the birds call htr no sjieoial leniark 

In Timor and blores vse have white-headed pigeonsf, and a long-tailed tty- 
catcher almost eidirelv white! 

In the small liord Ifowe’s Island we have the recently eytiuct white rail 
(NofoititH allHt)y reuiHikahly conliastnig with its allies ni the larger islands of New 
£(‘n1aiid 

We cannot, however, lay any stress on isolated examples of white colour, sinco 
these fMcur in nio^t of the great (ontiuents, but where we hnd a seins of species 
of distim t gem ra all dillenng fnnn their continental fillies in a whiter coloration, 
as in the Andaman Islands and the West Indies, and, among butterflies, m tho 
sniallei ^loluceas, the Andamans, and Madagascar, we cannot avoid the conclusion 
that in thesu insular localities some general cause is at wink 

There nro other lases, however, m which local influences seem to favour tho 
production or pi'eservation of intense crimson or a very dark coloration Thus in 
the Moluccas and New Ciumea alone we have bright n^d parrots belonging to two 
distinit families §, and which therefore most probably have been independently 
produced or piesirved by some cojumoii cause Here, too, and in Australia W'e 
nave black parrots and pigeons|| , and it is a most cunous and suggestive fact that 
ill another insular subregion—that of Mmlagascar and the Mascjirene Islands—thepe 
same colours reappear in the sunie two groups^ 

Some ver^ luiious physiological f'lcls bearing upon the presence or absence of 
white coloins m the higher aiiiinals have lately been adduced by Dr Ogle *** It 
has been found that a colouied oi daik pigment m the oUnctory jegion of the 
nostrils 18 essential to perfect smell, and this pigment is rarely deficient except when 
the whole animal IS pure white In these oasis tho cn»ature is almost without 
smell or taste. This, Dr Ogle behoves, explains the curious case of the pigs in 
Virginia adduced by Mr Dai win, white pigs being killed by n poisonous root 
which does not atfeit black pigs Mr Darwin imputed this to a constitutional 
difference acconniaiiying the aaik colour, which rendered what was poisonous to 
the whito-colourul annuals quite innocuous to the black Dr Ogle, howorer, 
observes that them ih no pioot that the black pigs eat the root, and he believes the 
more probable explanation to be that it is di<>tBstc'ful to them, while tho white 

K being deficient in smell and taste, eat it and are killed. Analogous facts occur 
veral distim t families White sheep are killed in the Tiirentino by eating 
w hile black sheep escape, white rhinoceroses are said to perun 
from eating Eupho}hui (aiulehhnnH^ and white Jior^es are said to suffer from 
poisonous KKid whore coloimd ones escape Now it is very improbable that a 
constitutional inimumiv fioiii poisoning by m many dintinet plants should, in tho 
case of such widely different animals, be always correlated with the same differ¬ 
ence of colour, but the facts aio readily QiiLWrstood if the senses of smell and 
taste are djmendent on the presence of a pigment which is deficientm wholly whit® 
animals The explaiintion has, however, been carried a step further, by expen- 
ments showing that the absorjifion of o«Iours by dead matter, su<h as clothing, is 
greatly affected by colour, black being tho most powerful absorbent, then blue, red, 
yellow, and lastly white. Wn have here a physical cause for the scnee-infenonty 
of totally white animals which may account for their runty in nature for few, 
if any, wild animals are whojlv white, the head, the faco, or at least the muzzle 
or the nose, are generally blaclc, the ears and e>ea are also often black , and there 
is reason to believe that dark pigment is essential to good hearing, as it certainly 

• AriamvK monachv^t, Corvu-^ adivna, 

t Pttfopn^ civohi^, P flthocjmfKn } 7)^hitrca ajifitfif jtiT. 

{ Lonii^, Fob (TrithogloMulfe), Fehetvs (Palspormthidtti) 

If Calf/pforhptchiut, Tvrarana •[ Coroi^fi*, Alecfrcn^fti, 

** Medico-Chirurgieal Transactions, vol hn. (1870) 
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iH to petfoct vision \\ e can therefore undei'stand why white cats with blue errti 
are so often deaf, a peculiarity we notice moro leadily than thiir deficiency of ixnell 
or taste 

If, then, the prevalence of white coloration is generally accompanied with some 
dehciency in the acuteness of the most irap^^rtant senses, this colour becomea 
doubly dangerous £< r it not only renders its possessor more conspicu nw to its 
enemies but at the same time makes ith<is ready in delecting the presence of 
danger Hence p rhap^ the reason why white appeals more fieqiiontly in islands, 
where competitun is loss 8e^e^e and enemies 1 ss luimer >ufl and >untd Jknee also 
a reason why aibtmt^tin althougii freely occumnj, in cnpti\ity never maiutams 
itself in a wild state while fni/anism does The pecuhanty of some islands in 
having all thtir inhabitants of dii8k> col urs (as the Halapng s) may also perhapl 
be explained on the same principles tor poisonous fruits oi seeds may thei e abound 
which weed out all white- or light-colourtd varieties owing ti their dehciemy of 
anieli and taate W e can hardly believe however that this would apply to white- 
coloured butterflies and this may be a reason whv the efleet of an insidar habitat 
18 more marked in these insects than in birds or mammals Bnt though inappli¬ 
cable to the lovicr animals this cunous relation of sense amteness with colours 
ina\ have had some inHuenco < n the developmtnt of the higher human races If 
light tints of the skin were gonorally accompanied by some acficiency in the senses 
ot smell, hearing and vision, the white could never compete with the darker races 
BO long as man -was in i low or savage condition and whollv dependent for 
exiMtcuce c ii the acutcuess ot his senses But as the mental faculties b^amo more 


fully dov eloped and more important to his welfare than mere sense-acuteness, the 
lighter tints < f skin and hair and eyes would cease to Ik disadvantageous wlienever 
thej were aceoninanied by superior brain power Such variation* would then be 
prestrved and thus may have nnsen the Xanthochriic race of mankind, m whuh 
wo find a hi^h d velopnn nt of intellect accompanied by a sbght di ficioncv in the 
ftcuk ness of the senses ns compared with the darker lorms 

f have now to a«k your attention to a few remarks on the peculiar relations of 
plants and insects as exhibited in islands 

LversinceMr Darwin show ed theimmense importance of msects in the fertihzation 
of flowers great attention has been paid to the subject, and the relation of these two 
very dif&reut classes ot natural objects has been found to Iw nioie universal and 
more complex than could have been anticipated AV h >lo genera and families of 
phuits have been bo modified as first to attract and then to be fertilized by certain 
groups of insects, and this special adaptation seems in many cases to have deter¬ 
mined the more or loss wide lange of the plant* in question It is also known 


existence oi tne plant m that area Hen 1 believe, will be found the clue to 
much of the pcouliantv of the floras of oceanic islands, since the methods by which 
these have been stocted with plants and insects will be often quite different 
Many seed* are, no doubt, earned by oceanic currents, others probaoly hy aquatic 
birds Mr H N Moseley informs me that the albatrosses, gulls, puffins, mpie 
birds, and many others nost inland, often amidst dense v egetation, and ho believes 
they often carry seeds, attached to tboir feathers, fn>m island to island for great 
distances In the tropics they often m st on the mountains far inland, and mav 
thus aid in the distribution even of mountain-plants Insects, on the other hano, 
ore mostly conveyed by aenal currents, especially by violent gales and it may 
thus often happen that totally unrelated plants and insects may be brought toge¬ 
ther, in which case the former must often pensh for want of suitable insects to 
fertilue them. This will, I think, account for the strangely fVagmentaiy nature of 
these insular floras, and the great differences that oiften exist between those which 
are situated in the same ocean, a* well as for the preponderance of certain orders 
and genera In Mr Pickenng s valuable work on the ' Geographical Distribution 
of Animals and Plants,’ he gives a list of no less than sixty-six natural orders of 
plants vnexpectedfi/ abront from Tahiti, or which occur in many of the surrounding 
lands* soma beuig abondant in other islaiids*-as the Labiate at the Saodwidi 
Islands In theeo latter islands the flora is much richer, vet a laige number of 
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families 'which abound in other parU of Polynesia are totally wantiuff Now much 
of the poverty and exceptional distribution of the plants of tlio«o islands is pro¬ 
bably due to the great scarcity of flower-froquenting insects Lepidoptcra and 
llymonoptera are exceedingly scarce m the eastern islands of the Put ihc, and it is 
almost certain that many plnnU which recjuire these insticts for their lertihralion 
have been thereby prevented from establishing tlioniaelves In the Avestom islands, 
such as the Kijis, seieial spocies of butterflies occur in tolerable abundmice, and no 
doubt some flowei-haunting n>menopteiH accompany them, and m these islands 
the flora appears to be much iiioro \aiiod, and especially to be cimnictenzed by a 
much greater variely of showy flower^, as may be seen by examining tht‘ plutes of 
Dr. Seonmnn’s ‘ Hora Vuieiisis/ 

• Darwin and Pickering bofli spoak c»f the great preponderance of ferns at Tuliid; 
and Mr, Moseley, who spout sev oral days in the interior ot the island, informs ni« 
til at ** at Ru elevation of from 2()00 to /iOOO feet the dense vegetation is composed 
almost entirely of ferns A tree fern (Almphtla tahUetms) foims a sort of forcfct to 
the exclusion of almost every other tree, nud, with huge plants of two other ferns 
(Angwpteris eircta and Aspoietmon mdfis), firms the main mass of tlie legotation 
And he adds, “I have nowhere soon ferns in so great proportionate abundance 
This unusual proportion of ferns is a gcmcral feature of insular as compared wiih 
continental floras, but it has, I believe, been generally attiibut(‘d to favourable 
conditions, i-Hpecially to equable climate and perenmal moistmo In this respect, 
however, Tahiti can hardlv differ greatly from many other islands, which yet nave 
no such vast prep<mdoranc(^ of ferns Inia is a qiiestion that caiiuot be decided by 
more lists of species, since it is probable that in Tahiti they are less numerous than 
in some other islands where they form a far loss conspicuous feature in the vege¬ 
tation The island most comparable with Tahiti in that respect is Juan Femande*. 
Mr Moseley writes to me —“In a general view of any wide stretch of the densely 
clothed mountainous suifaoo of the island, the ferns, both tree ferns and the un- 
atommed forms, are setm at once to compose a very large pn>portiou of the mass of 
foliage,"’ As to the insects of Juan Fernandez, Mr Edwyu (" Iteed, who mado 
two visits and spent several ^ eeks there, has kindly furnished mo with some exact 
information Of butterflies there is only one carte)^ and that rare—a 

Chilian species, and nnibably an accidental straggler. Four species of moths of 
moderate size wore ooserved (all Chilian), and a few larvro and pupoj. Of bees 
there were none, except one very minute species (allied to Chtlicoln)^ and of other 
Hymenoptem a single specimen of Ophion luteus (a cosmopolitan ichneumon). 
Araut twenty species of flies were observ^, and these formed the most prominent 
feature of the entomology of the island. * 

Now, as for as we know, this extreme entomological pov erty agrees closely with 
that of Tahiti y and there ore probably no other portions of Die globe equally 
favoured in soil and climate, and with an equally luxuriant vcgelalipn, where 
insect-hfe is so scantily devt^h ped It is ciinous, tnerefore, to find that'these two 
islands also agree m the wonderful predominance of feins over the flowering plants 
—in individuals even more than m species; and there is no difliculty in connecting 
the two facts, 'The excessive minutenesH and great abundance (»f fern-spores causao 
them to be far more easily distributed by wmds than the seeds of flow'enng plants, 
and they are thus always ready to occupy any vacant places in suitable localities, 
and to compete with the less vigoious flowermg plants But where insects ore so 
scarce, all plants which require insect-fertilization, ■whether constantly to enable 
them to produce seed at all, or occasionally to keep up their constitutional vi^ur 
by crossing, must be at a gifeat disadvantage; and thus the scanty flora wWh 
oceanic islands must always possess, peopled as they usually are by woife and 
strays from other lands, is rendered still more scanty hy the weeding out all 
sucii as depend largely on insect-fertilizatiou for their full development It seems 
proi^bla^ therefore, that the preponderance of ferns in islands (considered in moM 
of individuals rather than in number of species) la largely due to the absence cf 
competing pbeenogamous plants, and that this is in ^eat part due to the scarcity 
of insects In other oceanic islands, such as New^aland and the Galapagos, 
where ferns, although tolerably abundtan^ fom no such predominant feature m the 
vegotalion, but where the scarcity of flower-haunting insects is almost equally 
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marked, \\m /ind a pfinat piopoj deiauco of Hmall green, or otlieiwiae nicouapicuouif 
floweiH indiuitnig that i n]\ sm h planln La\e been enabled to flourish there aa are 
iiidopendeat (1 u sut futili/atiou Jn the (jalapflp,oa ^whiuh are perhaps even 
Dure dthcuut in fl\ing lu^octs than Juan leiuande/j this la so alnkiug a Itftture 
that Mr Darwiu speaks < t the \(.get4iti u ns coiisjMtuig in great part ol wietcheJ- 
looking weeds, and stjit s that it was some Unit lieli re ho dis< o\cied that almost 
e\erv plant was in llowti at the linu (t hia visit Tie also savs that ho did not 
we one beiuliul IhNver lu Ihe isUn Is It i nponis hnwkvei, tha* Compoftitse, 
Leguminose, lUibiaceaa and l^olanirttc f rm a h rge pi opt rli u f the floweiiag 
plants, and as llit‘<e arc orduswhuli usually ttquiu iiibeLt-ltitili^atKn we must 
suppose util 1 that tlitv have Ih t im m dihed s i as to be sell itrtilized, or that 
they are leitili/ed bv tin visits ot tin miuute l^ipftia and lijmcuopteiu, which aro 
the ( nK iiisfcts roc id(d tiojii these islands 

In Juan 1 trnandt/ on tJu othei hand time is no such total dtfititucv of showy 
floweis 1 am infumed by Mr M stii y that a variety ol the Msgm.bat e ms winler- 
baik Hbtuuds an I Ina sliowv wlntt flowirs and that a Bignomscet us slirub with 
abundam t of dai k blue flow t rs was als plentiful while a while-fl >wered Lihaceuua 
plant 1( lined huge patches on the hill-sides Jk Nides these there wtie two species 
of w adv ( onip niiro with i inspunuus hoada f vellow bl issoms and a speties of 
white-rtoweud myitlo ala i abundant so that tu tlie wli de, tlowtrs foimeda i-ather 
conspu n ms toalure in tJio aspo< t t the vegetation of Juan h< rnande/ 

But this fact—\vlu( h at hist sight si oms tiitnclv at vaname with the view we 
are upliolding of the imp itant ulation bttwitn the distribution ot insects and 

S lants is will e\j lamed bv the exisUnct ot two speiies of humuiing birds in 
uan rciDundez wlmh, mth ii visits to th^wi Jarpo and show) flowers, fertilize 
them ns eflcctimllyas btes m >ths or buttirflies Mr Mus by intorms me that 
“these humming birds ure i tia fdniatily abundant j evei> truo or bush having one 
or two darting about it lie also observed that ntarly nil tho specimens kiUtd 
had the Itatliera lound tlie bnae of the bill and tront ot tin clogged and 

coloured ytilow with pollen Htie then, we have the clue to the perpetuation 
ot laige and showy flowtis in Juan 1 ernandtz while the total abseme of hum- 
muig birds in the (laiajagos may explain why no such large-flowered plants have 
betn able to establish tlitm^olves in those equatonal islands 

Ihis hflds to tlu obs( rvation that many other groups of birds also no doubt, aid 
m the ftrtiii/ation of tlowtrs I have otten observed tht beaks and faces of tho 
brush tongued lories of the Moluccas covered with polhn , and Ali Moseley noted 
the same fact m a species of Atiamus or swallow shrike "^hot at (''ape York, show¬ 
ing that this genus also fiequenls ftowors and aids in their feitilization In the 

Austiaban region we have the immense group of the Mehphagidie, which all 
freouent flower^ and os these range over all the islands of the Pacitic, their pieaence 
will account for a certain proportion of showy flowers tn mg foiuid there, such oa 
the scarlet Mett onulei oh om of the few conspicuous flowers in Tahiti In the 
bandwich Islands, too, th rt are foiests ot MdiosuUroH ^ and Mr Charles Pickenng 
writes me, that th* y are visittd bv hone>-8UckiDg bmls, one ot which is captured 
by sweetened biid-limc, against whuh it thmsts its extfn'*iie tongue t am also 
informed that a considerable number of flowers are occasionally fertilized by hum¬ 
ming birds in ^orlh Amenca, so that there can, I think, b< little doubt that birds 
nlay a much more important part in this respect then has hitherto been imagined 
It IS not improbable in at m tropical America, where the bummmg-bud faniih is 
so enoimously developed, many flowers will bo found to be expressly adapted to 
fertilization l)v them, ju^t as so many in our own country are specially adapted 
to the visits ot ceilam Inmilies or genera of insects 
It must also be retnembeied, as Mr Moseley has suggested to me, that a flower 
which bad acquiied a brilliant colour to attract insects might, on transference to 
another country, and bec( niing so modified as to bo capable of self-fertiluation, 
retain the c<loured petals for an ludoflmto period Such is probably the explana¬ 
tion of the Pela^gomvm of Tnstau d'Acunha, which forms masses of bright colour 
toear the shore during the flowering season, while most of the other plants of the 
island hav« colourless flowers, in accordance with the almost total absence of winged 
insvcls The prt Bence of many large and showy flowers among the indigenous 
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flora of St Helena must be an example of a eiiuilar persistence Mr Mtllisa 
indeed etatea it to be a lemarkable peculiarity that the indiptimus flowers an, 
with very slight exceptions all perfectly coloiuh as * but althou/h this may apply 
to the gemrtu aspect of the reninina ot the iiuligem ua flora it is cvidt utly not the 
case ae regarda the syiuics, since the interesting platen ot Mr Melliaa s %oluine show 
that about one third of the indigenous flowering ] 1 inta ha\ ^ more or loss coloured 
or conspiruouH flow* la^ while so\#ral of tlieni aie eve * dingli showy and beautiful 
Among tlu se are athree }] nhknbinj} in se\eral ( ( mposiifc an I espeeiallv 
the hainlsonie red flownaol the now almost ovtiuc t fuifst tiee^, tlu ebou> and 
redwood (specus of Milhatua Tiyttneiiae* tr) We hii\o every n aaoii tobflievt, 
however, that win n St Helena was c vtitd witli luvunant loiest'i and t sjietially 
at that leniote period wluuit wasiniuh in i* extensive than it is now it must 
have supp nled a ct rtaiu uuinhi r )f luligenoiis birds and inseits, whub would have 
aided in (he fertili^nti ii >1 these gaily euh iir d tl wers 1 he researches ot Ui 
IlLimaun Mullei have sh )vvn us by what minute inodilieations of stru tuie or of 
funttion many fl wers ai ndaj led foi | artial insect- and silt U itdi/atiou in various 
degrees, so that we have no diim uUy m undu-slauduigliow, as the ina* cts dinunished 
and hnally di appeal* d self futilizati >n uhiy hav* bee me tlu ruU^ while tlu laige 
and flbowv crrollas remnin to tell us plainly ot a lu diflt rent state of tbinps 

Another luterc stmg fat t in e nnexion with this suljfrt is the prestnee of aibo- 
rebceut tonns oi (omptsilii lu s) ninny <f Iho n nu lest * oi nine islands They 
oc<ur in the Galapi gos in luau btrnai <1 / iii Hikna in tb San Iwieh Islands, 
and m ^ew ah nd but tin v are not di eetly lel ited to ( a* h other, u pr* st iitatn es 
of totally diflerent tiilis (t tins extensive oidei lediiung ml (U scent in ea< h 
group of islands J he imnu i s range and almost uiiveihRl disln) utif n ol the 
Coniposifce 18 due to the c* inbination f r great iat ihty of disinbulKn (ly their 
aeedsj with a great attiactiveiiess to insects and tbo capatitv of being fertilized by 
a variety ot sptoua ol all ordns and eaptcially by flies muf small beetl a Thus 
they would be tniong the eailnst of floweniig plants to establisli tlieinsilves ou 
oceanic islands but wJiere iimetsof all kinds were veiy scarce it weidd be an 
advantage to gam mcreH>t I si/e and longevity, so that ferlilizatun at an inteival 
of several veais might suffice for the coot iiuame of the speeu s The arborescent 
foim would (ombiiie with me leased longevity the advantage of increased size m 
tbo struggle for existence with terns and other early colonists and the se advantages 
have ltd to its being indej endently piodiiced m so many distant lorahties, whoso 
chief feature m common is their remoteness fiom continents and tbo extreme 
poverty of their inaect life 

Ah tho sweet odours of flowers ore known to act in combination with th^'ir 
colours, ae an attraction to uisects, it might be anticipated that where colour was 
dehcient stent would be so also On applying to my fiiend Dr Hooker foi infor¬ 
mation as to New-Zealand plants, he informeci me that this was certainly the ease, 
and that the ^ew Zealand flora is, speaking generally, as stnkingh deficient in 
Bweet odours as in conspicuous colours 'Whether this peculinnly occurs in other 
islands, I have not been able to obtain information but we may certainly expect 
It to be so in such a marked instance os that of the Galapagos flora 

Another question which heie comes before us is the origin and meaning of the 
odonfoTous glands of leaves Dr Hooker iniormed me that not only are New- 
Zealand plants dehcient m scented flowers, but tqually so in scented leaves Ibis 
led me to think that perhaps sucli leavtm were in some way an additional attrac¬ 
tion to insects—thoug-h it is not easy to undeistand how this could be, except by 
adding a general attiaction to tlie special attiactun of the flowers or by supporting 
the Inrv© which, as perflet in<»ects, aid lu fertilization Mr Darwin, however, 
informs me that he considers that leaf-glands bearing essential oils are a protection 
against the attacks of insects wbeie these abound and would thus not be required 
in countries where insects were very scarce But it seems oppot-ed to this view 
that highly aromatic plants are charact*nstic of deserts all over the woild, and m 
such places insects are not abundant Mr fetointon informs me that the aromatic 
Labmtte enjoy no immunity from insect attacks The bitter leaves of the cherry- 


* MelbtwB St Helena, p 2*J6 note 
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laurel aro often eaten by the larva of moths that abound on out fVult-treee; wbil^ 
in the Tropics the lea\e8 of the orange tribe are favountoa with a large number of 
lepidopterous larvoe , and our northern fira and pine*^, although abounding in a 
highly aromatic renin, are very fiubje<t to the attacks of beetles Mv friend Dr 
Kichard Spruce—who while trevelling in South America allowed nothing connected 
with plant-life to escape his observation—infoniiH me that trees wliuse leaves liavo 
aromatic and often resinous serretions in iiiiineis(‘d glands abound in the plains of 
tropical America, and that such are in great pait, if not wholly, free from the 
attacks of leaf-eating ants, except where the secretion is only slightly hitler, as in 
the orange tnbe, orange-tices being sonietimea tmtirely denuded of their leaves in 
a single night Aromatic plants abound in tlie Andes up to about l.%000 feet, aa 
well na m tho plains, but nardly more so than in Central and Southern Europe. 
They are perhaps mon^ plentiful m tho dry mountainous parta of S<mthem 
Europe', and ns neither hero nor in the Andes do Icaf-eating ants exist, Pr Spruce 
infers that, although in the hot American forests where sucJi ants sw^nmi the oil- 
bearing glands sene as a protection, yet they were not originally acquired for that 
purpose, Near the limits of perpetual snow on the Andes such plants os occur 
are not, so far ns T>r Spruce haa observed, aromatic , and aa plants in such situa¬ 
tions can liardly depend on insect visits for their fertili/atinn, tho fact is com¬ 
parable with that of the flora of New Zealand, and would seem to imply some 
relation between tho two phenomena, though what it exactly is cannot yet be 
dHtonmued 

I trust I have now been able to show you that there are a number of cunous 
problems lying as it were on the outskirts of biological inqinry which well merit 
attention, and which may lead to \alunblo results But these probh'ms are, os 
you see, for the most part connected with questions of localitj^, and require full 
and accurate knowledge of the productions of a number of small islands and other 
limited areas, and the means of comparing them the onn with the other To 
make such comparisons, however, is now quite imposyible No museum contains 
any fair representations of the piodiictions of those localities, and such specimens 
as "do exist, being scattered through the general collection, are almost useless for 
this special purpose If, then, we are to moke any progress in this inquiry, it is 
absolutely essential that some collectors should begin to arrange their cabinets 
primarily on a geographical basis, keeping together the productions of every island 
or group of islands, and of such divisions of each continent as are found to possess 
any special or characteristic fauna or flora We shall then be sure to detect many 
imsusnoctcd relations between tho nnimnls and plants of detain localities, and wo 
shall become much bettor acquainted with those complex reactions between tho 
vegetable and animal kingdoms, and between the organic world and the inorganic, 
which have almost certainly played an important part in determining many of the 
most conspicuous features of In mg things 

Unto and Pro^fe^s of Modem rttics us to the AntiqmUj and Onym of Man 

I now come to a branch of our subject whicli I would gladly have avoided 
touching on , but as tho higher powers of tins Association ha\ o decreed that I should 
prosido over the Anthropologicnl Department, it seems proper that I should devote 
some portion of my addrops to matters more immediately connected with the 
special study to which that Department is devoted 

As my own knowledge of and interest in Anthropology is Confined to the great 
outlines"rather than to the special details of tho science, I propose to give a very 
brief and general sketch of the modern doctrine as to the Antiquity and Origin of 
Mon, and to suggest certain points of difficulty which have not, I think, yet re¬ 
ceived sufficient attention. 

Many now present remember the time (for it is bttle more than twenty years 
ago) when tho antiquity of man, as now understood, was universally discreoited 
Not only theologians, but even geologists, then taught us that man belonged alto¬ 
gether to the existing state of thin«; that the extinct animals of the Tortiaiy 
penod had finally disappeared, and ^at the earth's surface had assumed its present 
condition before the human race first came into existence. So prepowesaed were 
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even scxentiiic men with this idea—which yet reeted on puiely negative evidence, 
and could not be suppoi’ted by any argumonta uf scxentihc \Biue—that numerous 
facts which Imd been presenlM at intervals for half a century, all tendiug to pro\ e 
the existence of man at very remote epochs, were silently ignored, and, more than 
this, the d( tailed statements of three aiBtinct and careful observers confirming each 
other were reiof ted by a great scientific Niciety as too improbable for publication, 
only because they proved (if tluy viore tiue) the coexistence of man with extinct 
animals* 

But this state of belief in opposition to facts could not long continue In 1850 
a few of ouL most omuient geologists examined for Ihemseh es mto tin alleged 
occurrence of flint iniplonnnts in the gravels of tlie north of France, which hail 
been made public fourteen jears before, and found them stnctly comet Ihe 
caverns of Devonshno were about the same time carefully examined bv equally 
emiuout obsiTvtrs and wtre fomid fully to bear out the statements of those who 
had published thur results oighieca years btfore Hint impleiiiente began to be 
found in all suitable localities in the south of Ingland, when caiefully searched 
for, often in gravels of equal antiquity with those of France Caveios giving 
evidence of human occupation at various remote periods wero explored in BeJ^um 
and the south of Friuce—lake-div < llings were exaramed in Switzerland—refuse- 
heaps m Denmark—and thus a whole senes of remains have bicn discovered 
carrying back th< history of mankind from the earliest histone penods to a long 
distant past The antiquity of the races thus discovered can onl) be ginerally 
determined by the successively earlier and eaiher stages Ibrougli which we can 
trace them As w e go back metals soon disappear, and we iiud only tools and 
weapons of stone and of bone The stone weapons jjet ruder and ruder , potUrvi 
and then the bone implements cease to occur, and in the eailieet stage we lind 
only chipped flints of rude design, thmgh still of unnustakablv human workman¬ 
ship In like manner doimstio animals disappear as we go backward, and though 
the dog seems to have been the earliest, it is doubtful whether the makers of the 
ruder flint implcmeuis uf the navels possessed even tins Still more important 
as a measure of time are ihe changes of the eaiths surface, of the distribution of 
animals, and of climate which have occurred during the human period At a 
comparatively recent epoch m the record of prehiatonc times we find that the 
Boltio was far salter than it is now and produced abundance of oysters, and that 
Denmark was covered with pine forests inhabited by CapercoiUies, such as now 
only occur further noith in Norway A little earlier we fand that reindeer were 
common even in the south of 1 ranco, and still earlier this animal was accom¬ 
panied by the mammoth and woolly rlunoctroB, bv the arctic glutton, and by huge 
tears and lions of extinct species Ihe presence ot such annuals iniplus a change 
of climate, and both m tlio laves and gravels we hud proofs of a much colder 
climate than now prevails m Western Europe Still more remarkable are the 
changes of the eortn s surface which have been effected durinp man s occupation of 
it Many extensive valleys m England and France are believed by the best ob¬ 
servers have been deepened at least a hundred feet, cav ems now far out of 
the reach of any stream must for « long succession of ^ears have had stream* 
flowing through them, at least m times of floods, and this often impbes that vast 
masses of solid rock ^ve since been Worn away In Sardinia land has nsen at 
least 300 feet since men livtd there who made pottery and probably used fishing- 
nets t , while m Kent’s Cavern remains of man are found biined beneath two 
separate beds of stalagmite, each having a distinct texture, and each covering a 
deposit of cave-earth havmg ^veil-marked differential characters, while each con¬ 
tains a distinct assemblage of extinct animals 

Such, bneflv, are the results of the evidence that has been rapidly accumulating 
for about fifteen years as to the antiquity of man, and it has b^n confirmed by so 
many discovenes of a like nature in all parts of the globe, and especially by the 

* In 1854 (?) a commimioation from the Tomuay Natural History Society coo firming 
prevloui accounts by Mr Godwm-Austen, Mr Vivian and Rev Mr M Enery, thiX 
vrorM flints occurred m Kent a Hole with remains of extinct spcoios, was rejected os too 
improbable for publioabcm 

t * Antiquity of Mati,' fourth edition, p 115. 
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compantion i)f the tools aud weepons of pvohistont n\nu witli tho^'o of inodeTH 
savH^'HM f''O that tho use of even the rudest flint-unpleniontfl haa become quite 
intelligible), that we cnn hardh womler at the \aMt revolution etleettnl in public 
opinion Not oul} i« tlio belief in mnu’s vast and still unknown antiquity uiii- 
lersal amonp: men of HOietue, but it is hiiidlv disputed hv nny well-intonned 
theologian , Kud the piestmt generation ot ftOieiieo-Htudents must, we ahould think, 
bo somewlmt puzzled to understand what there was in the eaihest discoveries that 
should have aroused Huth genoral opposition and bton intd with suth iinivereal 
incnslulitv 

Hut the question of the nn “ \ntiquitv <d Man ’ nlniost sank into insigni¬ 
ficance at a very earh period of tlie inqiiirv^in eonipaiisoii with the far mure 
moMK ntous .uid moie ex(*iting proldeni (d‘ the development ot man from Honio 
lower ammal ti>rui, v\ IulIj the Iheoiies of Mr Darwin and ot Mr I ho belt Spent er 
fwion showtHl to be insepnrably bound up with it 'fins has been, and to Home ex¬ 
tent slill IS, the siibp'et ot lieitt* rontlut, but tho contiov^t rsy as to the tact of wiich 
development is nowniiuost at an end, since unetd tlie mtist taleuted leni t sentativ ea 
of (’athohe thoolfigv, anti an anatoimst ot high st.iudiiig—Pudesnoi Ahvart—tullv 
adopts it na rt'gards phvsical stiucture, reserving lus opposition tor thoae parts of 
the theory whit ii wtmlJ deduee man’s w'hole intellet tual aud inoial natuie trom 
tho same Bource and bv a smnltr niodt> oi devehipmeiit 

Never, perliaps, in tlie wlitdt* history of ^Llen<e or nliilosopln hnfl so groat a 
revtilution in linuight and opinion liet n eileefod as in tlie twelve vtMra fttmi I8dl) 
to 1871, llie rt'spective tlates of publication of Mi Daiwin’s Mlrigin of SpeeieH* 
and ‘ Descent ot Man ’ Up to the commencenient of tins peiiod the belief in the 
independent cnwdion or migm of the hpeties ot annuals and plants, and the very 
recent appearance of man U{Mm the eaitli, were, prat ticallv, umverBal Long 
before the end of it lhe«e two beliefs had iiUeilv tiisappeiied, not onlv 
in tlie scientilit world, but iilniost eq^uolh ho nmoiig the littuary niitl otiiicated 
clansoB generalh The belief in the independenf (»r]gin of man held its ground 
wnnewhat longer, but the pubhcutiou ot Sir Dai win s (^eiit woik gave even that 
Its death-blow, for hnidlv anv one callable ot judging’ of the evidence now doublii 
the deiivtttivo nature of man’H bodilv Btnicture as u whole, although many believe 
that hiH mind, and even sonie ot Jus plnsual chaructenatiCH, inav be due to the 
action of other forces than have acted m the case of the low'ei ainmalH, 

We uei’d haidly b<* eurpn^'d, under thene tircuiUHtaiices, if theie haa been a 
tendency ftinong men of scuiice bi ] ass from one extreme to tho otlu'r, from a pro- 
fcBBiou (so few \ofli-s ago) of Uital ignoiance as to the mode ot oiigni of all living 
things, to a claim to almost complete knowledge of the win lo progiess of tho 
universe, from the first Hjieck td living pr«»toplism up to the liighest development 
of the Imman iiitelJet t. Yet this is really what we have seen in the 1 tst sixteen 
years Formerlv dilficultieR were exaggernted, and it was ns^erled that we had 
not Bufhoient knowledge to venture on any geiiemluatiima on the fluhjeot. Now 
difficiiltieH are set aside, and it ifi held that our tlieones are bo well eBtablished and 
so far^re idling, that Ihev exphiin and roiuprehond all nature It ir not long ago 
(as r have already reminded vou) Bince fmf'i weie (ontoniptuously ignored, because 
they favoured our now popular views, at the proseut day it Heems to me that facts 
which oppose them hardly icceive duo coTiBidnatiou Ami as opposition is the 
best incentive to piogiens, and it is not well even for the best theories to have it 
all their own w'a), T propose to direct v our attention to a few auch facta, and ti> 
the condueions that seem fairly dcduciblo from them 

It IS a ciinoiiR circumstance that notwilhHtanding the attention that has been 
directed to the siihjeit in evi-ry part of world, and the numerous excavations con¬ 
nected with railwayn and mines which have ottered such facililies for geologicd 
discovery, no advance whatever has been made for a conHiderable number of years 
ID detecting the lime or movie of man’s ongin The Palreolithic flint weapons 
first discovered in the North of France more than tlnrty years ago ore still the 
oldest undisputed proofs ij. man’s exiRtence , and amid the countless rehca of a 
former world that have Wn brought to light, no evidence of any one of the links 
that must havn connected man with tho lower animals hoe yet appeared. 

It IS, Indeed, well known that negative evidence m geology is of very slender 
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Value, and this is, no doubt, pr«iioraUy the case. The circumstances here are, 
however, peculiar, for many coiixeif^ing lines of evidence show that, on the tlieory 
of development bv the same laws whicii have dctenninod the development of the 
lower ftDiiimls, man must be immensely older limn anv twtf*-* of iiirn yet rlifl- 
covereiL As this is a point ol great interest we must devote a few momenta to lU 
coiiaideraiiou. 

1 The most import int did< lent o btdwotui man and ^uch of the lower annuals os 
most nearly approach him is uiid‘)uhtedlY m the luilk and developuieut of his 
brain, as indicated by the form and capneitvof the cianium We ehould tlierefore 
anticipate that these eaihest i aces, wlui were contiMuporaiy with tlie extim t ani¬ 
mals and used rude slorie weapons, would show a maiKed dehdeiav in this 
respect ^ et the oldest Itnowoi (lania (those of the Kiigis snd (’ro-Alsgjjoji caves) 
show no murks of degradation The Itumoi does not present so low a type or 
that of most existing savages, but is (to use thewmdsot Tiof JJuxlej) “a Jair 
average human skull, wJiieh might Jiflve belonged to a pliilnsoplier, or might have 
lontamed the though (less hiaiiis ot a savage ” The latter an still more reinaik- 
able, being unusually laige and well tonued Dr Diuner-Jkt\ slates that they 
surpass the avtnage ot modem Kuioja^an skulls in capaeitv, w hile tin ir sMumelrieal 
form witliout anv tiate ot propniitliism, eompan's tavounihly not oulv with thosa 
of the foremoel savage rac'es, hut with many civih/ed iiutions ot modern limes 

One or two other ciania of much lowt r t\ pe, hut ot less antiquity than this, have 
been diseoveied, but thev in no whv ui\alidate tlie tonclusion whuh so highly 
developed n form at ho euj]\ a pem«l unphes, viz that we have as vet made a 
hardly perceptible step towards the disiovery ol uiiv earlier stage m the develop¬ 
ment 01 inau 

2 This eondiision is snppoited aiul onfonid by the nature of manv of the woiks 
ot art found even lu the old< st t ave-dwellmgs The tlints aie of the old chipped 
tvpe, but they aie formed into a laige vaintyol toids and weapons—Rueh as 
scrapers, awls, liunim<iH, saws, laiues, Ae, implying n varndv oL pinposes for 
wliK h tliese weie used, and a coin spending degree ot im nt il aotiv itv and civilization 
Numerous aitK h*s ol bone luivc also laan tound, including well-ft>jmed needles, 
implying that shins weie sewn ttigelher, and |K*ihnps <*ven textile innt^iials woven 
into (loth iStill m(*re unpoitant aie the numciuu^ nuvingsaiid cliawings lepro- 
renting a varietv of animals, ineiuding horse's, leindcer, and even a maiuuiulh, 
executed with coiisnleiable sloll on iMuie, leiiiditi-lioniM, and inamniuth-tuska. 
These, taken togetliei, ludieute a state of eivili/ation much higher than that of the 
lowest of our inoderu savages, while U is quite lompatihle with a eonsidemble de¬ 
gree of mental advancement, aud leads us to believe that Iho (raniaot Kiigis and 
Cro-Magnon nn‘ not exceptional, but fairly ropiosent the characteisof theiaee If 
we further remember th.vt tlie^e people lived in Phirope under the uuhivourvble 
conditions of a flub-Au tie ell mate, we shall be inclined to agieo with Dr Darnel 
Wilson, that it is fai easier to pioduce evidences of delenoialion than of progress 
in instituting a eoinpanson betw*eeu the contpmporan(*s of the mammoth and later 
prehistoric rnces ofDuiope or savage ualums ol modem times* 

3 \et another iinporLant lino ot eviclonce us to the oxtrome antiquitv of tlie 
human type hius been brought piomineiitly forward bv IVot Mivartf. itesliows, 
by a careful comparison ol all paits ot thestnietuie ol the Ixjd}, that man is related 
not to any one, but almost equally to mauv of the existing apes—to the orang, the 
chimpau/ee, the gonlJa, and evtn to tho gibbons—in a variety of ways, aud these 
relations and ditlerences are ho numerous and so diverse that, on the theory of evo¬ 
lution, the ancestral form whitl^ ultimately dt-vcloiied into man must have diverged 
from the common stock whence all thcpc various lornis and their extinct ollips ori¬ 
ginated But so far back as tho Miocene deposits of Dmopo wo find the reim ins 
of apes allied to those vaiious forms, and especially to tho gibbons, ho that in all 
probability the spodal line of variation which led up to man branched oil at a still 
(iarlier peiiod And those euily forms, being the initiation of a far higher ty^ie, 
4 iid ha\ mg U) dev elop bv natural selection into ho spt t lalii^pd and altogether diAiiuct 
a creature a« man, must have nneii nt a very early' penod int^i the position of a 
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domina&t rtvce, atiA spread in dense wares of population over all suitable portions of 
the great contment—for this, on Mr Darwins hypothosis, is essential to rapid de- 
relopmental proprees through the agency of natural selection 

Under these circumstances we might certainly expect to find some lelics of these 
earlier forms of man along with those of animals, which is t*rc nresumahlr less 
abundant Negati\o evidence of this kind is not >ery weighty Wt still it has 
ttonie value It has been suggested that as apes are nioslh tropical, and antlm>poid 
apes are now confined almost exclusively to the Ticinit> of the e<^uator, we should 
expect the ancestral forms also to have inhabits d tht se same localities—West Africa 
and the Malay Islands But this objection is hardly \ alid, because existing anthro¬ 
poid apes are wholly dependent on a perennial supply of easily accessible fruits, 
which IS only found near the equator, while not only had the south of Europe an 
almost tropical climate in Miocene tunes, but we must suppose even the earliest 
ancestors of man to have been terrestrial and omnivorous, since it must have taken 
ages of slow modification to have produced the perfectly erect form, the short arms, 
and the wholly non prehensile foot, which so strongly differentiate man from 
thf arboreal apes 

The conclusion which I think we must amve at is, that if man has been deve¬ 
loped from a common ancestor, w uh all c xisting apes, tmd hy no oMcr agencies than 
Atich as Jiavs affected thetr devehptncntj then he must have existed, in something ap¬ 
proaching hi8 present form, dunng the torliaiw period—and not merely existed, 
but predominated m number^, wh^'rovor suitable conditions prevailed If, then, 
continued researches in all parts of I urope and Asia fail to bnng to light any 
proofs of his presence, it will be at least a ^sumption that he came into existence 
at a much later date, and by a much more rapid process of development In that 
case It will bo a fair argument that, just as ho is m his mental and moral nature, 
hi3 capacities and aspirations, so infinitely raised above the brutes, so his origin 
is due, m part, to distinct and higher agencies than such as hav e affhetod their 
development 

Ihere is jet another line of inquiry bearing upon this subject to which I wish to 
call jrour attention It is a somewhat curious fact that, while all modem writers 
admit the groat antiquity of man, most of them maintain the \erN recent develop¬ 
ment of hi8 intellect, and will hardly contemplate the posmbilitv of men equal in 
mental capocitv to ourselves ha\mg existed in prehistoric times This qiiestion is 
^nerally assumed to be settled by such relics as have been pnservid of the manu¬ 
factures of the older races showings a lower and lower state of t)ie arts, by the 
successive disappearance in early times of iron, bronrs, and pottery, and bv the 
ruder forms of tne older flint implements Tlie weakness of this argument has 
been well shtiwn by Mr Albert Mott in his very original but lillle*^owD pre¬ 
sidential address to the Literary and Philosophical Society of l^nerpool m 1878 
He maintains that *'our most di^^tant glimpses of the post are still of a world 
jieopled ns now with men both civilized and savage,* and that we have often 
entirely misread the past by supposing that the outward signa of civilization must 
always be the same, and roust be such as are found among ourselves ” In support 
of this new ho adduces a variety of stnking facts and ingenious arguments, a few 
of which I will briefly summarize 

On one of the most remote islands of the Pacific—Easter Island—2000 miles 
from South America, 2000 from the Marquesis, and more than JOOO from the 
Gambler Islands, are found hundreds of jpgontic stone images, now mostly in 
rums, often thirty or forty feet high, while some seem to have been much larger, 
the crowns on their heads cut out of a red stone being sometimes ton feet in dia¬ 
meter, while even the head and neck of one w said to have been twenty feet high *. 
These once stood erect on extensive stone platforms, yet the island has only an area 
of about thirty square miles, or considerably less than Jersej Now as one of the 
smallest imiges eight feet high weighs four tons, the largest must weigh over a 
hundred tons, if not much more , and the existence of such vast works imphes a 
large population, abundance of food, and an established government Yet how 
comd these coexist m a mere speck of land wholly cut off from the rest of the 


* Jonm of Roy Oeog Soc 1870, pp 177,178 
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World P Mr Mott mamtaiiui that this noceaaanly impliea the of regular 

communication with lai^er lalandB or a continent^ the arts of navigation, and a 
ciTilisation much higher than now exiftta in any part of the Pacihc Veiy similar 
10 mains in other islands scattered, widely ovei the Pacific add weight t<i lliis aigii* 
ment 

The next example is that of the anciont mounds and eaithworhs of the N ulh- 
Amoncaii continent, the boanng of which la eien more siguifacanL 0^e^ the 
greater part of the extensne Mississippi valley f>ur well-marked classes ot the^ 
earthworks occur Some are camps or works of defence, situated on blufls, pio- 
moutories, or isolated hills, others are rust enclosures m the plains and lowlauds, 
often of geometric fur ms, and haviug attached to them r ladwnya or avenues often 
miles in length, a third are mounds corresponding to our tumuli often seventy to 
ninety feet high, and some of them covering acres of ground , while a fourth group 
ooDBist of representations of various amnials modelled in relief on a gigantic scale, 
and occurring chiefi^ in an aion somewhat to the north west of the other classes, in 
the plains of Wisconsin 

The first class—the camps or fortified enclosures—rcsomblo in general features 
the ancient camps of our own islands, but fiar surpass them in extent lort Hill, 
in Ohio, 18 Rurroundod by a wall and ditch a mile and a halt in length, part of the 
wav cut through solid rock Aitiflcial reservoiis for water weie made within it, 
whde at one extremity, on a more elevated point, a keep is constructed with its 
Biparate defences and water ivservoirs Another, called Clarks Work, in the 
Scioto valley, which seems to have been a fortified town one loses an area of 127 
acres, the ouiDankments measunng three ludea in longtl), and containing not less 
than three million cubic feot of earth This area encloses numeious sacnficiol 
mounds and symmetrical earthworks, in which many interesting relics and works 
of art have been found 

The second cla^s—the sacred enclosures—may be compared for extent and ar¬ 
range meut with Avebury or Camak, but ore in some respects even more remwk- 
able One of these at Ohio, covers an area of several miles with its 

connected groups of circh s, octagons, squares, ellipses, and avenue* on a grand 
scale, and formed b^ embankments from twenty to thirty feet in height Other 
similar works occui lu different parts of Ohio, and by accurate survey it is found 
not only that the circles are true, though some of them are one third of a mile m 
diameter, but that other figures aie truly sc[uare, each side being over 1000 feet 
long, and, what is still more important, the dimension* of some of these geometrical 
flfi^ree, in different parts of the country and seventy miles apart, are identical 
Now this prov es the use, by the builders of these works, of some standard mea^ 
Bures of length, while the accuracy of the squares, circles, and, in a kss degree, of 
the octagonal figures shows a considerable knowledge of rudimentary geometiy 
and some means of measuring angles The difficulty of drawing such figures on a 
large scale is much greater than any one would imagine who has not tried it, and 
the accuracy of these is far beyond what is necessary to satisfy the eye M e must 
therefore impute to these people the wish to m^e these figures as accurate at 
poasSble, and this wish is a ^eater proof of habitual skill and intellectual advance¬ 
ment than even the abibty to draw Buch figures If, then, we take into account 
this ability and this love of geometno truth, and further ronsidtr the dense popu¬ 
lation and civil organisation imphed by the construction of such extensive syste¬ 
matic works, we must allow that these ancient people had reached the tarher stages 
of a ciyihsation of which no traces existed among the savage tnbes who alone 
occupied the country when first visited by Furopeans 

The animal mounds ore of comparatively less importance for our present nur- 
pose, as they imply a somewhat lower grade of advancement, but the sepulclirml 
and sacnficial mounds exist m vast numbers, and tlimr partial exploration has 
yielded a quantity of articles and works of art which throw some further hght on 
the peculiarities of this niystenous people Most of these mounds contain a Urge 
concave hearth or basin of burnt day, of nerfectly symmetrical fonn, on which are 
found deposited more or less abundant relics, all bi^ng traces of the action eff 
fire We are therofoie only acquainted with such arUclcfl as are practically fire¬ 
proof, or ha^ 0 accidentally escap^ combuation. These consist of bone and copper 
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impletnenU aad oraamenU, diHka, and tubed—pearl, sliell, aud silver beads, more 
or leftflinjured by the fire—onmmonU cut in mica, ornamental pottery, aud nurabere 
of elaborate carvings in stone, mostly forming pipes for smoking The metiillic 
articles are all formed by hammenn^, but the execution la very good, plates of 
imca are found cut into scrolls and circles , the pottery, of which very few remains 
have been found, is far superior to that of any or the Iridian tribes, since ])r WiJ^m 
IS of opinion that it must have bt^en formed on a wheel, as it is often of uniform 
thickness throughout (sometimes not more than one sixth of an inch), polished, 
and oinameuted with scroilH aud figuios of birds and Howers indeluate relief 
But the most insiructive objocts are the sculptured stone pipes, leprosenting not 
only various recognuable annuals, but also human heads, so well executed 

that they appear to be portraits Among the ainmals, not oulv are euch native 
hirraa as the panther, boar, otter, wolt, bcuvei, rucco<iri, heron, trow, turtle, fiog, 
rattlesnake, aud many others well rcpn^seiitcd, but Hlsothe manatees, which perliaps 
then ascended the MiasiHsippi os it now does the Vina/on, and the tout on, which 
could hardly have been obtained nearer than Mexico The sculptured heads 
ore especially mnaikablts because they pioseiit to us the features of aii intellectual 
and civilized people The nose m some is }x*rlectly straight, and neither promi¬ 
nent nor dilated, the mouth is small, and the lipa thin , the chin Bnd upper hp are 
short, contrasting with the ponderous jaw of the modem Indian, while iJie 
cheek-bones present no marked prominence Other examples have the none 
fiomewhat projecting at the apex in a manner quite uuhke tlie ieatures of any 
American indigenes, and iiUhcu^h tlieri* are some which show a much coarser 
tace, it i« very dtllicult to see in auv of them that close resomblance to the 
Indian type which these w idptures liave been said to e\hibit The few authentic 
cnuiiR from thonujiinds present coiresponding features, beiiij( far more syiumotriLal 
and bettor devf lop d in the fiontal region than tliose of any American tnbei, 
although somewhat rcsemhling thorn in the occipital outline* , while one was 
descnlKsl by its discoverer (Air \V, Maishall AudersonJ as a “beautiful skull 
worthy (»f a (ireek 

The sutiquity of this remarkable race may perhaps not bn very great oa com¬ 
pared with the prehistoric man of Burope, although the opnnona of some writera 
on the subp'ct seem atiect^sl by that “ parsimony ot time on which the late Sir 
(Jhailos Lvell ho often dilated The mounds are all overgrown with dense? forest, 
and one ot the large trees was estimated to >k* eight hundred years old, while other 
observers consider the growth to indicate an age of at least lOJO years But 
It 18 well known that it nHimres several geiierotious of tis'es to pass away btifore 
the growrth tm a deserted ileanng comes to correspond with thatot the surrounding 
virgin forest, while this forest, onco established, may goon growing for an unknown 
number of thousands of years The bOO or lOlX) years estimate from the growth 
of existing vegetation is a minimum which has no beanng whatever on the actnol 
age of these niouuds, and we might almost as well attempt to detcTmine the time 
of the ghicial epoch from the ago of the pines or oaks which now grow on the 
moramee 

The important thing for us, however, is that when North America was firat 
settled by Europeans, the Indian tribes inhabiting it had no knowledge or tradition 
of any preceding nvee of higher rivih/ntioii than themselves Yet we find that 
fluch a race exist^ , that they must have beem populous aud have lived under some 
established government, while there aro signs that they proctieod agriculture 
largely, os, indeed, they must have done to havo supported a population capable of 
executing such gigantic works in such vast profusion , for it is stated that the 
mounds and eaith works of various kinds in the state of Ohio alone amount to 
between eleven aud twelve thousand In tlimr habits, ca«t<ims, religion, and art* 
they differed atiikmgly Irom all the Indian tribes, wlnle their lovo of art and of 
geometric forma, and their capacity for executing the latter upon so gigantic » 
scale, render it probable that tliev were n really civili/ed pwple, although the 
form their fiviliratiou took may have been vei'v different from that of later people 
subject to very difiereut influences, and the inheritors of a longer senes of ancestral 

^ Wilson's * Prehistoric Man, 3rd ed vol n pp 123-130. 
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civiluationd. Wo ha>o hove, at all evoiitfl, a Rtnkifig ovample of the transition, 
OTCT an oxtonsivG cunntry, fioni comparative civilization to comparativo barbansm, 
the former loft to ti million and having haidly anj trace of inliutnce on tlio latter. 

Am Mr Mott well romailiM —Nothing can bo more striking than the fact that 
Eofltcr Island and Xoitli Ann'ma both ga\o the same Ustmiony as to the oiigiu of 
the savage life found in them, although in all oiuumstances and siuiouudings the 
two cnees aie so diffen nt Tf no stone niouumeuts had bi‘cn coiiMtriuled in bkislei 
Iceland, or nioumts, containing a tow i-elii s s.ntal from tire, in the Uniti d States, 
W(* might Tio\er ha\e ‘^uspcfted the existence of the«e am lent peoples He argiieH, 
tlieiefoio, tint it is \nrv easy lor tlie retoids ot an ancient mitions life* entnely to 
pencil or to he hidden liom nbsenation K\en the aits of Nintveh and Babylon 
^v^ re unknown only a geneialien ago, and xvo lul^e only jumI di'^cuieied the facta 
ahniit the monnd-bnildeiM of North Anionca 

But otlier pnitM of the Aniencau contiiK nt exliibit parnllel pheinmioun Becent 
in\ebt]gations shoAN that in Mexico, (Vntinl Vineina, and IVuu the existing race 
ot Indians has boon picK'ded In a distinct and moio ciMh/(>d race This is proved 
bv the s( nlptuiLM of the luinod citn s of (Vuitial Ameiica, ])y the inoio iincieiit 
tella*c >ttas and paintings of Mexico, and b^ the oldest poitiait-potteiy of Peiu 
All alike hIiow iiiaikedly non-lndinii fcatuic'^, nluh* they olUui ilosely leseniblo 
niodeui lOurojiean t^pcs Ancient crania, too, ha^e be< n fouml in all tlie«e couiitilos, 
presenting dillereut charai'teis from those ot any nt the modem indigenous 
races of Amoiica * 

There is one otlnu' ntnlung examplo of a higlici being succeesh d by a lower 
degieo of knowledge, \\hu li is in danger (T being forgotten bec.iu'ti* it has bi*en 
inado the foundation of theories ^\hlch seem x\ild nnd lantastic, and mi* probably 
in great paileinmcous 1 allude to the threat P\iauiidof J gvpt, whose form, 
(hraeiiHionM, etinctnie, and um'j ha\e lecentlv l^^en tlie subject of elaborate works 
by Piof lha/71 Sm>th Now the udiuilted fact-* about tlnspyiaiuid aie so inter¬ 
esting and so apposite to tlio subject x>e aie coiisidc iing, that T lieg to lecall them 
Ui MHU* altiMitioii ^lo^t of xoti nio aware that tins p>i.iniid has been carefully 
exploiod and incasnred b> mucccmmivo EgxptologiHU, and that the dimensions have 
lately heconie capable of more ac( urate aeteinnnalion, owing to the discovery of 
pome of the oiiginal caMing-stonea nnd tlio clemiiig away of the caith froii/tho 
(orners of the foundation showing the sockets in whuli the ceiner-stoucs fitted. 
Prof Huiyth demoted many months of x\oik vnlh the be^t lustrumeiils m order to 
fix the ilimansious and angles of nil accessible paits of tbe struoliuo , and he hae 
Lurefully determined tliese hy a compariRon of Ins own nml all previous inonHiires, 
the best of wbich ngico pretty closely with each othei The results am^od at 
oro •— 

1 That tlio pvruniid is truly eqimrc, the sides being equal nnd tho angles light 
angles 

2 That the four sockets on whuh thefoui fust stoues of the coiners icsted aie 
truly on the banie level 

3 That the diroetioo of the sides are nciuralelj to tlie loiu eaulinal points 

4. That tlie xertical height of the p^inmid bear^ the enmo proportion to its cir¬ 
cumference at the base, ns the indius of a circle dors to its circumfi^reiu e 

Now all these measures, angles, and levels are acciirnfi*, not as an ordinary siu- 
veyor or builder could mnko them, but to such a degree ns leqiiues the very best 
mMem instruments uud nil the retiimments of gt‘odetical science to di'^covcr any 
error at all In addition to this wo have the wondeiful peifectiouof the workman¬ 
ship in tho Ulterior of tho pyrf^inid, the passages and chambers being lined with 
huge blocks of stones fitted with tho ntmopt accuracy, while every part of the 
building exhibits the highest structural science 

In all these reaperts this largest pyramid Bin-papses eveiw other in Egypt. Yet 
it is universally admitted to be tho oldest, and also tho ofdest histoiicol building 
in the -world. 

Now these admitted facts about the Great Pyramid are sandy i-emaikable, and 
worthy of the deepest consideration. They aio facts which, in the pre^ant 

» Wilson's * Prehistono Mon,’ 3rd od. toI ii pp. 125, 144. 
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vrordB of tho lato Sir John Ilorachel, ‘‘occoidinp^ to received theories ought not to 
happen/' and M^hich, he tells us, should therefore bo kept ever prt sent to our minds, 
bince they belong to the class of fiu ts which st r>e as the iluo to xif w discos ones ” 
According to modem theoncs, the higher (uilization is evei a growth and an out¬ 
come fiom apicu dmg lower titulo, auditisinh ned that this piogu^s is \isiblb to us 
throughout all history aud in all tho mahrinlrtcoids of huiuui iiittlhct Ihitliero 
we have a building whuh iiiniks the\ci\ dawn of hit^lon, whub n the okltst 
authentic ni luuinent ot man's nius and skill, ainl winch, iiinU ad of ht mg far in- 
fernu, i 3 \(i\ much suptuur to all which f dlowcd it (Juatmen arc tlit piudutis 
of tiiur age and couuti\, aud iht dcyigru r aud con'^tiiictnis ot this woiKhrful monu¬ 
ment could nc\n hint ui]'’bn annmg nn unint(.Ur( tnd ami Indf baibarous pct)])lt 
ho peifcct a woik implies many prcccdiugh ssptil tfw nkswhith ha^ b disappLaird 
It maiks Ibe culminating point of an ancient civilization, of th( tally stipCs ol 
whit h w( havb no n t ord vs iiatevcr 

The thioe casts to which I hast now adverttd (and Uieie arc many oth(iB)8eciu 
to requiro for th< ir satisiactory nifupii fition a Honibwiuit dilhrciit vn w of Jium in 
piogresa fiom llint whuli is now gt nerally acet pit d Julan in connexion \\ ith tlio 
gieat intellectual powbi of the ancient (trecks—wliu h Mr (lalton bcln ves to have 
been far above that of tho avti tge ot any inodtin nati »n—and the ohvation, at 
ouco inttllectual and inoial displavtd in the wntings of ( ontucius, /oion^tor, and 
in the Vt das, they point to tht tonclusioii that, while in matt ii il progit hs there baa 
Ik eu a toltiably steady advaiit t, man s intolicitual and moril dt stlopincnt reached 
almost its highest lovtl in a vuiy it mote j a«t Ihe lowti, tho moio animal, but 
often thf nioio cnoigttic tspts have, howt ver, alw ays hcen fir tho moio numertni^, 
hi nto such tsiabhshed s )(leties as hast litic aud thi n aiiseii under the guidance 
of flight p minds have always been liable to be swept away by tin lufuisioua of 
baibannrs Ihus in almost cvtrypaitot tin globo tluie ma\ have betn a long 
bucccssuju of pai tial civili/dions each in tom succttdcd by a pcuod of baihaiisru , 
aud this view hcciuh suppoitod by the occuiitnco of dcgiadtd tvpts of skull along 
vsith such as might has t be lunged to a philoHopliei, at a tinn ss non thf nun- 
moth and the r< indt er inluibiti d southciu 1 lance 

ZSor need we tear that there is not time enough foi the rise and det ay of so many 
successive civilizations as this view would imply, foi the opinion is novv gaming 
ground among geologists that paleolithic man was really prcglocml, aud tliiit the 
gnat gap (maiktd alike by a cliange id physical rondilions and of animal life) 
which in 1 urope always sepaiatcs him from his ncolithu successor, was caused by 
Iho coming on and pissing away ot tho gicat ae agt 

If tho vit svs aovvadsanced art conec(,inanv ,pf rhaps most, ot our existing sa\ages 
are the success irs of higlnr loces, and tluii aits, often showing a wonderful 
similant^ in distant continents, may have lioeu dciivcd from a common source 
among more civilized ni onhs 

I must now coiiclucle tins veiy impcrfttt sketch of a few of tin ofK#hoots from 
tlie gicat tree of Ibological stutty It will, pi rhnps, bo thought by some that my 
rt marks have tended to tin depreciation of om sen ncc, by hnUinp at iiuperfections 
111 our knowledge nnd trrois m oui tlieom s where more entluisiastn students see 
nothing but erifabli^hod truths ilut I tiust (hat I may have convened to many of 
my hearers a different impression I have emit a\t)Uiea tt» sliow that, ovt n m what 
are usually oonsidc rt d the luou triv lal and supt ificial chainctcrs prt sen ted by natural 
objects, a whole hold of now inquiry is opened up to us by the study of distnbution 
and local conditions And as rt gards man, I hav e oudeav ouied to fix ^our attention 
on a class of fat U which indu ile that tho course of hia devt lopnicnt has been far less 
dm ct and simple than has hitherto been supposed, and that, instead of resembling 
a single tide with its advancuig nnd receding npplts, it must rather be compared 
to the progress fiom neap to spnng tides, both the nae and tho depression ueing 
comparatively greater as tho waters of true civilization slowly advance towards the 
highest level tney can reach 

And if we are thus led tt> behev e that our present knowledge of nature is some¬ 
what loss complete than we have been accustomed to consider it, this is only what 
we might expect, for however great may have been the intellectual triumphs of 
fbo nineteenth century, wo can liordly think so highly of its achicv cments as to 
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imagine that, in somewhat than twenty years, we ha^e passod from complete 
i^orauco to almost perfect knowledge on two such vast ana complex wuhjects ns 
the origin of eprciee and the antiquity of man 


EoiAN'\ AND Zoology 

Aihhe^^ to ilte ]'>cpm huuit of Boiamj and Zoologi^ B>f Aliukd Newton, 

M,A , S y F fj tS , FP ZS ^ t Pioftssor of AooJofjif and Cuinj[iat'ahve 

Anatonii^ ni ihe Umvi^sitij of Camhnthjc^ Fktc-Piesidiut. 

Any one in tht' po^^ilion of cliaiininn of this Eepartim nt inuH hu*l that his dilH- 
cult^ lirs in choosing rnth(>r than in seeking a subject whereon to address an 
iiudionce hkn itmi winch is before in(‘ This difH( iilty iiiises fioin the astounding 
ahundnuco of interesting tojnea which an* piesented by tb(* studies of Botauy and 
Zoology —01 of ibo latU r alone, I uni} &av, mih e it m ould ill iM'eonie me to attempt 
(iio tioatjuent of nnv ^^hlcll licloiig to the smh'i seiemt* Jliit it is ot euiirw* m- 
fiimbent ujKUi me to loucli upon the rinet e\entsof tlie past }ear which attbet 
this DeptiUtneui, and it stems ptiSBible Ihiit in so doing ue iniiy lind some con- 
sidoraliona natuiallv proicidiiig limn them to be -weilby of voin notice duiing the 
short time that 1 shalf presume too(rup\ join attention, and also to pirsent enough 
general interest to jastity ni> enl^iging^ipon the themes which tlie> inspire 

'Ihese cliiet eteuts appeal to me to be two lu number It is ni} hrst and pleas¬ 
ing duty to rongmtulute the uatinnhflts here tusmmibled on the successful termina¬ 
tion ot that expedition in which wo lia^e all taken so great an interest, as during 
its progress tidings of it hare reached ns from one distant land after another, and 
especially (as your month-piece) heartily to welcome homo all now present w'ho 
wTio on board the good ship ‘ (’hallonger ’ lu her circumnavigation ol the globe. 
I would tliflt \our spokesman on this ociasion had been one who was better ablo 
to appreciate their labours and entei into details as to the value of their diseoverios 
and researches ITnfoitunately 1 am under lh() great disadvantage of being so im¬ 
perfectly acquainted with the mysteries of the ocean, that it is only possible lor me 
to apeak m the most general terms of what has boon done I lotd tuire, however, 
that, So far as the gii at secrets of the nea can yet be mterpieted and reyealed by 
men, they will be by those who have happily returned to us, Sir ("harles Wyville 
Thomson and his cc:)lleagues TJiere is one of their company wv know they have 
not biought hack, and it ih fitting for us to lower the tone ot our evultation while 
we remember the name of Von Avdlemoes-Suhm With this single end exception 
there is, howevd, nothing, so far as T know, to otctision regiet, and the vanous 
memoirs that have been already published by members of the Expedition give a 
foretaste of what we may expect wlien the whole of its i-esults aie made known. 
I am infornuKi that the ncli collections made during the voyage nre at present 
lodged in the University of Edinburgh, and are in process of revision andiongh 
arnvngeuieut under the supiTiuieudcnee of the Diroitor of the Scieiitihc Stafl of 
the late Expedition They include tho prodiietn of drcdgin^or trtvvling and sur¬ 
face-collecting at about 0/10 stations, and at depths yarying fi-oiu lOO to 4500 
fathoms, and consist of a prodigious number of specimens belonging to most of the 
groups of marine \3spccially of Sponges and Echinoderms, which pro- 

ponderate at the greatest depths. It is, I believe, intended to obtain the assistance 
of special exports ui working out the diUerenfc groups j and I am sure this mooting 
will hear with pleasure that the Ihjdiozon are 1o be intrusted to Profi'asor Allman, 
and the I\ih/zoa to Mr Jhisk. It la understood that fler Majesty’s Treasury will 
charge itself with the cost of publishing the treatises of these and the other 
eminent naturalists to be employed, and thus it is hoped that a senes of volumes 
will be produced worthy of the mappiitudo of the 8ub|eet, and fit for the first rank 
among the works of roologists m this or any other coimtry. I need scarcely odd 
that wie wishes of all here will bo for the due carrying-out of this grand scbelne j 
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and, rememl^eruig how ofUn Biinilar ambitiotH undeitakings hy oui hCieiitidc nieu 
in combination with our Go^i^^n^ent Im've been baulkoa by untoward circum¬ 
stances, \^e cannot but express tho sincere hope that foiiutr failures will serve ns 
useful wailungs to ensurt futiurc success 1 itgrct cxticintK my inability to si\ 
moio on this snbp ct 

I trust ^ou will n )t think im t> und nit the unpoitancc cf the safe and 
proftperniis rotmn of tlio * C halh ng r fiom lioi ^ “nh naming it 

nrst, I asciibo tv it tlu sec iid pine m tho Lituts jt tlio past jtar ns regards the 
progress of 7 oolvgicnl in\ stigalion Othirsd ntih < \pe litiuis havt b tor now 
loft these shoitH and the shins of otlu r coiintiu-t an I hav in n 1 <18 11111} 
attained then puipost^ vvliiJe othu expeditions v\ill d nibthsi m Ju tiiru he 
oigani 7 cd and famed out with, vie trust, like happy les ilt'^ I h voNagi oi tli 

* f hallengei, though a highly important nnd, in man} itsjKcts, n uo\el one, is 
notwithstanding only a unit in a long senes which b gan a r ntiu} a^o and has 
been c ntmued at luteivals to our own day na} ni u, sine th sailing ot the 

* Challenger w hive witnes ed the dtpaituru vf anoth i an i laig i i xpndition 

for the accomplishment ot a still more mdii us uodeitakmg 13ut what I have now 
to speak of is a niallLr that will, if I am u >t mmtal on m dt( i ag s fUai icl ri/t 

tho present >ear as an epoch in thn hist ly ot oiu s u ni cs intLiior ( nly lu im¬ 

portance to that which maikod Bonio cigUtccii ti nm ten sens i tlio pi jmuC 
gation t f a ifa^ouabk 1 he ii} < f i v diiti m bv Uaiwi i nn 1 Nfi \\ dl ice \ti I 
wlnle it IS to the lathi of tlu sc two natuialists that wo owe th(‘ hoou that has 
recently been confine i m us it is uuqu stionably fi un tho i imor labours of 

both—imihd }et distinct Umt the liooii aiquiies ils gi atist valut AN ithout 

those far higher, fai widii views which the lluor\ of J volution i nablis U3 t > take, 
the seined an ly of fids that biiHlh tin uighout tl i twovolnuios ot the Geo- 
giaphual Distribution of Animals • which Mi ANnlhuo has ] i t piiblisin d would 
have bom but a compaiatively moaniiiglesa aggie^ati n i itiim nts—tlio fvi- 
(lenco n » doubt < t labi m almost unsurnasatd tho nccmnulalK n ot inudi that is 
luuous aud jf mufh that u? sugg htivc nut, taken all in all, as hi iving to an unin¬ 
telligible or msigniticnnt (ml, it to any end vvliatf ver that was not inishnding 

As tho case is, the result is vciy dillcrtnl Jlut 1 vv mid a k }( u n jw, W ithout 
the aid afl rded by the Jhctnne ui Dtsci nt, would it havt born p isniblc to draw, 
os Mr AVallaeohas ho akilfully dinwn, thoflf hgitimatc conclusi ns fi m a con¬ 
sideration of tho animal life of Java (\ol i pp Y)2 Id), oi to anivo nt those 
marvellous k suits with UHpect to the past lustorv ot Jlonito (vol i ] p >8 
or ovm to imlulgi in those danng speculations with legard to the ou^m ol the 
Celebesinn fauna (vol i pp 430 4 8) f I cite thi^o mstanf es hi cause thfy nio 
taken from tint part of tho woikl on which tho autlu i s labonis liave belore slud 
fto much light, and with which liis name is impenshablv as<*ocialtd but there la 
hnidly any one of ins summ iru sthat d es not place befoii us mat iinl foi relkcUon 
as astoun ling 

A\ hill, howIV n assigning tv the Iheory of I volution tlu chid gdory in giving 
a ical and lasting value t > tlio intapietatum of the fa( Is ot Animal Distribution, 1 
miust not omit acknowh dgingllu share which rh}8ical (ic( giaplij has contiibutcd 
to that t nd, (spt,flallv hv its inniino HUive}s whiiUfuimsh the ol gist with 
data as to the dejths vf nt as and oct ans, nnd thcioby enable him to judge oh to 
tbi former extent c f land Tt is therefore to be ( xju ded that vu}agt s like that of 
tho * Challenger wliiu tlu ir n suits havi been fully worked out, will still furtbf r 
add to oui knowlodgn m this rtspect Again too, Geology (but this follows 
almost as a matter ol course) has in its own lino plavcd nn < qunl part I would 
that Dotanv could be mentioned in this conn xion, but hoio it stcnia as if the 
elJ^st of the biological sciences wf n not as she URuall} is, m advance of the rest, 
rid Mr Wallace's suggt stion (vol ii p lOi), that /oology fuiuishes a kty where¬ 
with many ot the dilhcuUies besetting tho study of tin Distribution ti Plants nm} 
be unlocked, will doubtless meet with due attention from botanists 

* The Geographical Distribution of Animals, witli a study of tho relations of livnig and 
pxtiiwit taunas as elucidating the past changes of the Barths Surface By Alfred Russel 
Wallace, Author of The Malay A’*ehiivelngo,' Ac 8to, two toIb London 1876 
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Of the caie and lahom winch the authoi uf thifl woik has bestowed upon it, no 
one here, I \( ntiiro to thinlc, lias a better right to efKak than nijeclf, because it w 
not \ory long ago that I attempted n dissertation ou the Geographical Dmtiibutiou 
ot a Singh Class of animals * 1 hough it was the Clos? with which J am most 

lamiliai, and though in my attempt T had the inialuable ashLslanct (t Mi 
\\ alla(( a mamuciipt at mv aide, which cleaicd mv wa) tluough nuiny ob^( ich 4, 
still 1 tonnd the tusk one ot cnoriuous diiRuiltv, and out which I at times almost 
itpcntLcl tliat I had undertaken, ytt Mr Wallace has tieated not ot Bmis 
only, as I did, but of Mammals, Amnlubians, Reptiles, and Trc'^hwati r 1 ishcs— 
to say ujllimg ot the most tt.lhng lamilus of two oidns of Tnstcts, with tin 
Molhishs to tai as they were a^al^able toi his purpose Tluie is nothing that m 
tuiimig ov< 1 till pagts of thtsa lolunies s» much stiikes uii as the oik rgy they 
oMiiOi on liu paitof then antlun Ihose who Iia\e bun most iu( ustoined to the 
htointuu ot /oology must admit that there is scanely anv book with which ‘ The 
(ruigiaplutal Distribution of Animals’may nut, in rtsptct of haid and honest 
woik, be acUantigc mnly compaud It dts(ut.s to bun good fiuit, and I am 
greatly ii il it will not dj so 1 loui in tdiicalioiml point ot m( w, it can 

huidU lul t) b ( f tlie gi ah si suvicc Atliactiic (us is the snbjett t) Ihiso that 
kmwit ind s i its Ik mugs, tli hainci has hitherto been rtpelit d tr uu its rou- 
Hideiation b\ tin naiitof any woik of gem lal compass whit Ii would gtiidt liis 
Htudii s, whih eiuihw ot those tieatists which havt. a paitnnlai s^opt wiit ol 
jiukIi us< to him ^Tr AVallacu has aoiv pi ic< d oue in his hands, uid the icsult 
we nud not try to nnlicipate One thing, howo\ci, h cltai—the Disliihutiuu ot 
Anininls can no longoi be mgbotul fid n stconduij oi ummpoitrut pait ot /oolog’> 
It onU lemaiiis foi me t > ad I, while thus attempting to get toitli tin gem ml im uts 
of this learned woik, that I bv aj iiitans pin my faith to all the nuthoi s tletuD oi 
to all Ins (onclusinvs Alost of the latUi may indud bo ]ustitnd b^ tin pit suit 
impeiltct shite of om knowhtlgt , but it dot snot tolhm lint tin v' will icntmilJv 
meet with common atetptanct I must paitiuilaily c ill yoiu alttnlion t) tlm 
iidnniabl> taudtuw w<i<ls in u Inch ho takes have of liH itudeib—uoids that 
plo^( hiiu to bo 111 aoiighly imbued with tho light apirit of a true woiku in a 
progiessivt binmh ot stud} Mi Mnliicosa^s — 

rin pi( u ding lem uks aio all J now Miituic to cilti, ou llic dibtinguishm r 
foaturt M t th laniua gioups of Irtiul-amnmlH as rcf^nids thur distubution and 
migratnns iln aio nt best hut imUealinns of the \anous linoM ot re^'Gaieli 
opened up to us by tin dtiuly ot nmmals fioin llio gtogia[)liical point of new, uid 
by lookin ' upon lluir laugi in space lui I lime as an impLuLant pt>rlion ot tlm c nth s 
history lill t > e ly-wt 11-maikcd distinl,—o\eiv aielnpclag >, and tici) im¬ 

portant island, lias nil it-i known spi(us ot tho moio impoitant giuups of animals 
oataloguod on a miifoim plin, and with a nmloiin noimnclatun, a thoroughly 
satHfiutoiy account of the (icogiaphual ihstiibulioii of \iumnls will not Ik 
po-'nible ’ 

\nd then ho go s on ti point out tint in no than tins is waub d — 

“Many of tho most cm ions relations bctwuii aminil loims an 1 tht ir habitats^ 
aio entirely u m itic cd, uw ing to tho prodiu ti ma lu thi simio locnluy iiu ; Ixiiig 
ftfisoeintcd lu oui nius* mna and collect ions At w«ii h ulutions haie b( i n bamght 
to light by modem s( leiitihc tiaydh , but many moio rtmaiu to bo dineoveicd, 
and thmo Id probibly no fiishtr and moic productiio hold still uiicxplorod :n 
INatunil History ” 

Thifio coiuciaent Aftimlions, ho CJiKhidts by dUMUg, ne'ioi boon svsUma- 

tho hidden lawn (flunpleinentary to Jsatural Selection), which sum to bo requred 
ill owlei to account toi many of tlio external chHracterit.tita of anmiab ’ (vol ii 
pp 552, 653) 

And now to follow out the idea with which I bigau Having touched on the 

* “ Geograplncftl Dintribulion of Bird*," EneyclopTdia Bntanmoa, Ed 0, vol ui, 
pp 750 704 
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two chief Boological ©Tenta of the year, let us see if they do not Buggoat something 
that will not be beneath your consideration for tlie remainder of this address, 1 
have spoken of the certainty of the expedition from which wo now welcome oiu* 
fnonds being succeeded by others of similar character We sliall hnrdlv be in¬ 
dulging any vniu imagination if wo ask ourselves what we may look funvard to 
as regards their reports, and to one point we may perhaps appl} oursehes 

Wliat if a futuio ‘ Challenger’ shall report ot some island, now kno^Mi to posseps 
a rich and Yaned auimal population, that its prosont fauna has disiappoared P that 
its only WammalH were fern] Ihgs, Uonts, Rats, and Itablnts—with an infupiou of 
Ferrets, introduced by a zealous nccliniatizer” to clieck the superabundance of 
the rodents Inst named, bnt contenting themselves w'lth the colonists’ chitkens^ 
that Sparrows and Starlings, brought irom Kiirope, were its only Ijiind-birdH, that 
the toriner had propagated to such an extent that the cultivation of cereals had 
ceased to pay—the prohibition of bird-keoping bo^s by the local school-board con¬ 
tributing to Yhe samo cHect—and that the latter (the Stnilings) having put nn end 
to the indigenous insectivorous birds by cousuming their focxl, bad turned their 
attention to the settlers’ orchards, so that a crop ot fruit was only to be louhed for 
about once lu five >©ara—when tlu‘ great ]eriodical c)clone's had reduced the 
number of tlie depredators p that the (loatH had desinned one half of the original 
flora and the Kabnits the restP that the Pigs cleiastated the polatoo-gardens and 
yam-grounds P This la no fanciful picture I pretend not to tlie gift of prophecy, 
that 10 a faculty alien to the ecientihc mind , but if wo may reason from toe 
known to the ununown, from what has been »*iu\ from what is to what will be, I 
cannot entertain a doubt that these things am coming to pa^s, for 1 am sure thiTO 
are places where what is tory like them lias already happened 

You may ask why this is so P why do these lands so speedily succumb to the 
etrangeis trom beyond seaOne pait of the answer is usd^\ to hand \Mth those 
who ha\e lennied one ol the first primiplis ot biology ulin li our gicnt master, 
Mr Dai win, has laid down for us The weaker, the nioio gimiali/cd forms of 
life must always make wn> for the stronger and inoie spec inli/eJ The other part 
ol the answer is supplied Mr Walla<e, for no one can ha\e studied his volumes 
to much purpose without peiceiving that the inhabitants of oceanu islands and of 
the flouthem hemisphere—the great AuKtraliaii Region espoeially, and Houth 
America not much less, are the direct and compnraincly speaking littlen hnnged 
dflsccndantfl of an older, a more generalized nud a weakir fduua than aie the 
present inhabitants of this quaiter of tlie globe, winch luivo been, to speak, 
elaborated by Nature and turned out as the latest and most pertect samples ot hor 
handiwork. 

Sot face to face with unlooked-for inradora, and forced into a contest witli them 
from which there I 0 no letioat, it 10 not in the least surpiising that the nnliv es should 
SUC( unih. They have hitherto only had to stiuggh* u>r oxiflteuce with creatures of 
a likn oigani/ation , and the issue of the conflict wliicli has Ikcu going on foi agea 
IS that, adapted to the conditions under which they find thiinselves, they maintain 
their footing on grounds of equality among one nnolliei, nnd feo for centuries they 
may have “ kept the noiseless tenor of their waj ” Suddenly man interfpTes and 
lets loose upon them an entirely new toco of ammalH, vshich act and react in a 
thousand diiferent fashions on their circumstances. It is uot'nccessary that the 
new comers should be predacious, they may be so far ^ oid of offence as to abstain 
from assaulting the nhongmal population, but they occupy the same haunts and 
consume the same food The fruits, the horbniye, nnd otlior supplies that sufficed 
to support the ancient fauna now hare to furnish forage for the invaders as well. 
Their effects on the flora there is no need for me to tiacc, since Dr. Hooker ex- 
prwisly mode them one of the themes of that discourse to which many of us listened 
with rapt attention a few years since at this Association Jiut the consequences of 
the invasion to the natii e fauna have never been so fully made known. The neiw 
comers are creatur<*s whose organization has been prepared by and for combat 
throughout generations iunnmerablo. Their ancestors have been olevated in the 
scale of being by tho discipline of strife. Their descendants inherit the developed 
qualities that enabled those ancestors to win a hard-fought existence whet the 
animals around them were no higher in grade than those among which the de« 
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scendonta aro now thrown, Can wo douhi that tho victory inclmea to the heirs of 
the annent Conquerors P Tho stiu^rgle w hke one between an army of veterans 
and a population unuBod to warfare. It is that of Spaniards with malthlof ks and 
coats of mail against Aztecs with feathei cloaks and bowa and uirows I\lnla 
m^t(8 i lefts A recars, and tho majority of native spoi i«s uieexicnnin.ited JJut 
this IS nut the woist The epeciea whuh perish most qiuckly aro just thueo that 
naturalists would most wish to preseuo, lor they aio tlioso peciilmi mid eudoniic 
fuiina that in atiuetuie and cou^^Utution represent the ancieut state of tlnngn upon 
tho earth, and siipjily us with bome ot Urn most instructivo ovulence as to the 
Oidoi oi Nature 

With the progiesj of 1 1\ili/iilum it is plain that Iboro will soon bo haidly a laud 
but will beat th<' standard ot a Kiiroptau nation or of a community of ICuropeun 
dost ('lit, and, as ihnigs aio going ou, bo ov(‘nuu by their iiiipoits If this weio 
iiiovibihlo it would lx» iisoless to conipUia Hut is it irn vitahle ^ Is it not ob\ lous 
that most of this ( aIi imination isbtiiig earned on iiinvittingly P and may not aomo 
of it bu avoided bv piopei prei aiitiunsr' It so, shonld not men tS siieuto make a 
bland, and liiteiost die ignoinut or careless m the impuitaint' of the Hiibjeci P I 
CKunot dnoal in^seli ot the belief timt lliecoin-ie ot tlie ne\t century will see the 
extirpation, not onh of most ot the peculiar faiinaal bad in view a few imiuitoH ago, 
but of a gie.it laultilude ot other apiniesof nniniaU tliioiighout all parts of iho 
woild 'J ho regrtt with wliuh I itgaid siuh exUipatum is not meiely a matter of 
seutimi nt Hue sentiment and w leuco are for onto im tlic same side A hta\v 
blow Hill he inthcted on /u(dog\ by (lie dHappeiintnco of sumo of thc'^e maivcllous 
and ] eculiai fniuis Tlieio ih no one •species of ammal wdioae structnie and habits 
liavo bt ou BO cmnnhdely iiivcHigatid that absenci' of the means oi fuither exami¬ 
nation would not 1)0 a distnu t dcpiuation to Science , and as what bcicnvo lias 
done IS only an earnest of what slio will do, we cHunot say that llie time shall ovei 
come when the want of those means will not ho soveiely fell It iri then foi 
fluentdn men, and fui unlniahsts especially, to consider whelhoi thi'y are not 
bound, m the intmest oftht'a snceobhois, to mtoipoee iiiure than limy hn\o hitherto 
{^ivou any sign of doing 

IJufc ont'-ide tins audience thom aie many who c,.ro little for consequences liJce 
thesii. Siuh pofsoiH iim>, howe\or, bo iiuproBsed by thinking that the indi'.cnmi- 
nato dcrttruetion ol ammiiK whuh, m one way oi Huotlio), is now going on, must 
Hoonei 01 later lead to tho oxtiipatiou of ninny of tlioso whuh nuniBter to our 
wants, whether of comfort or luxury The fur-bearing croatuies will speedily, if 
they do not alu^ady^, r(*(piire some protection to be generally accoided to them , and 
that Huch piotetlioii can bo ellecUiallv given la evident it we take the trouble of 
inquiring as in tho stops taken by the llussian local authorities in Alaska, and now, 

I believe, cuiitmued by thoi^o of the United States, for limiting the slaughter of the 
Sea-Ottor and tho Fm -Seals of tho adjacent islands to partintlar seasons No one 
can suppose that, even witli the aasistauce wo get from Sibeiia, our supply of ivory 
will continue what it now is when tJio inieriur of Africa is pucihod and settled, 
os wo can hardly doubt tlmt it one day will ho, and, unless wo enn tiud some sub- 
stituto for that useful subataiico Wforo that day (omes, it would 1 h' only prudent 
to do oomclhing to check tho w^asteful doslmction of Elephants Many people 
may think that thikcontincmt of Africa is too vast and its animal life too luxunaut 
for the oifurlfl of man matonally to affect it. If wo inquire, however, w^e shall iind 
that this 18 not the cose, and that thoie is an enormous tract of country, extending 
far beyond our colomes aud tho torntonoa of tho ncighbounng Rnpubhes, from 
which most of the larger Miyumals have already disappeared There la prood 
reason to holmve that at least ono species has bo(*ome extinct within the last nve- 
and-twonty years or thereabouts, and though 1 do not mean to say that thia spocias. 
the true Zebra, had any economic value, yet its fate is an indication of what ^-ill 
befall its fellowa; while to the Zoologist its extirpation is a matter of moment, 
behig probably the hret case of the total extinction of a large teireatrial mammil 
since tuo remote days when the Mef/aceroa Mbermeua disappeared, 

Time would fail me if I attempted to go into particularB with regard to iho 
' marine Mammaita, It is notorious that yarioiu membera of the Orders 4iluWai 
CMocen, and Ptmtpadia have reoendy dwindled in numbers or altogether vanished 
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fiom tho eartli 1 ho Manatee and Dugong ha^o bteii ittklossly killed off iiora 
hundieds of lotalitKS whfrt but a centu^ or so since they abounded, and with 
them the sluus of valuable oil that they niruishcd ha^o 1 m f n lost That very le- 
nmikabk Siu nnn the hiino lihytina q%ga» has become ulttrlv (vtinct Ihe grotd 
d whakrsisbtli ^cl t» liavt hid the sauu eflect on a ( etoceon (the lUdo'na 
ImvaqimiH) which was once the cause cf a ilounshing inlustiyon tho coasts ol 
1 ranee and Spain lln samt ^recd has almoHt oxtciminatLd the ItigUt Wh ilt of 
the northeiu sons and is fist accoinplisliiu^ the saui end in the case of btals all 
nvti tilt A\orld \oi aio m'•bably auait tfiiit an V t t f Pailmnicnt ps'iscd in the 
Session of IHT'j ^^a3 luUnJcd to p it s me check iii on those bl odv massacics that 
aunuallv take ploct oi tho tl atiii^^ icc tf tho Soith Atlunti , to which theso 
iieatuus lesort at tho time of bnnging foith Ihnii ing, wlicu 

S icfl m tUfiP thildien in one oir in^e ho 

But, wilt thtr through oihdal mditkicnct, oi what, I 1 now not, the tioaties \^ith 
toioign nati ns iiuth >i i/cd b\ th it Vet \v oio n it compkud , and last s] iit the 
M)li(itati(U d ccitaiu Abtrlc n cr rdtrluad sliiicwncrs the Boanl ot Tiado 
nlloT^od “on \( ii moie of wh dcsalo slaughtei nhntc^ei ttlui nations might 
like to do, our hands nt 1 ist sh mid have been unst lined ’ It is admitio 1 that in 
(t itaiu manuiactiuo —that if ]ut< foi instance animal t il is absc lutolv n cc^8a^y 
Tt IS easy to h \ that b fne long tJieio will be veiy little annul il lortliconung 
Theie is ami! r C la s of animals with wh si will b ing the intorosts it man 
niohup Iv i uu cted It caun d bo d nicd that on 1 ish nes aio vtai 1 v yen 
subject* d t) an t \ i men osing strain, thrnigh the rapidly incioasing population of 
thiHj isl indd an I are pi\mg unmistakalh signs of b mg unable to bear it But 
it must bo alnitLed tint the c mhidciatiou of then case la fraught with unusual 
dilhcultics C mmissiojis, iiIIki Koyal (r rarhauu ntaiv haic bun app intod 
one after anothei 11 iiKniiic into tho tacts and seek a lenielv, d one is ti be 
found, f i tho tailing oH It is with gi eat eh Aide nee that I veiiLuroto ] ass any 
eiitieiHin on the iccommon lati ns made bv those ( mniissi ms and esp cully on 
sueh s w( r e ntiin* 1 m the lle]Oit ot a ( ommissuu the lunstituli) i ot wiiieh 
was Huoh as t) inspire tho gicatest r spoct smeo men so eminent as Biof linxkv 
and All Holdswoith were named m it That LommisBion lepoilod m elhct Unit 
thoie w 18 nothing to bo d mo with our Sca-1 lahencs but to leave things alono I 
do not pioftss to quote the words of the Report (which, indeed, I have not seen 
Itr a long time) hut m substanct I believ(, it amountid to this —That the 
naturnl enemies to which 1 lahes were exposed were so multitudinous, so ciaftv, 
and so inpacions that thoir destiaction by man was veiy slight m compnnson, and 
tliat Ins mterfii iice might be safely neglected m consideimg its fonseqiii lues 
^ow it lias always set mod to me that the Comtru«sioneis on this oe<awon snfteuui 
themselves to bo deceived AVkll aware ot how little is known as to the indirect 
ofteets of man s at ts m le^aid to the lowei animals, and in their feai lest any im- 
forseen bad icsults should loll jw from ineisurcH mtendtd to b( remedial, thuv re* 
(ornmeudul n mi at all But I fail to discein thot land or sea makes any essentml 
diAereuco in Iho laws of life The balance of Nature must be pieserv ed as steadily 
in a dense as m a rare fluid—in water as m air—oi all will not go well What* 
(ver be the weight in either scale, equipoise is as easily destroyed by an ounce aa 
by a ton Tho manne Tishes that aio of such commercial importance (Cod, Heiv 
imgs, and the like) have natuially, no doubt, enoraios innumeiable—Doglish, Cor¬ 
morants, PerpoiHcs, and what not, but we know that, owing to then feitility and 
habits, the t'od and lien mgs have continued till lately to contend successfully 
w ith these drawbacks and to maintain their numbers It mattem not if only one 
tgg of the 10,000, or whatever be tho number m tho roe of a llemug, pioducts a 
fish that arrives at matunty and escapes it« natural enemies, so long as that one 
fish 18 sufficient to supply the place of its parent Now this, according to the 
arrangement of Nature, has hitherto been the case But if, instead of that iish 
linng to propagate its Innd, it xs cut off before its time by an enemy a^inst whom 
Nature has made no provision, htr balance is at once dootroyed, and the oftener 
the oporatioQ is repeated the sooner will the numbers of the species dwindle, and 
the dwindling will g > on in a rapidly accelei-ated ratio Ihorefore it seems that, 
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8J far from leaving our Soa-Fwliorie« unrestricted, it is highly necessary to 
impose some limitation upon them; and, so far from dreeing interference, 
oir interference is at present so fatal that further interference of anothei 
kmd 18 required as a counterbalance, while that counterbalance Science ooh cun 
appl). 

As much may bo said for those other industncM, m common speech also 
called “ tishories —the taking of Oysters, Crabs, and Ljbstor^ all of which hft^ o 
lately been diminishing in a still more alarming degree lieio Parliament has 
■wisely resolved to interposo, though whether the manner of interposition is wise 
seems to bo a matter on which, as few naturalists hav o been consulted, we had 
Iwttor reserve our opinion. 

Thus, without troubling vou with many technicEd details, I have stuvon to lay 
before you a sketch of raan^s treatment of some of his fellow-creatures, aud of the 
elTects whuii have sprung, or certainly will spring, from it. There is probably 
hardly an i<«laiid on which he has sot f^t, the tauna and flora of which has not 
been in some degree influenced by his even temporary presence , there is ossuredl;^ 
not a continent, though a continent takes longer to subdue and his control does 
not ftt^ip at the shore, for, if what I have been advancing is true, the inhabitants ot 
the deep come abo more or less under his dominion 1 invito you to contemplate 
whether it 18 always, or even generally, that of a bmelicent ruler, 13ut it will 
doubtless be urged that this kind of thing has goni* on for ages—ever since life 
first existed on the earth I may bo told, in the woids of the great ^Miet of the 
counti^ in which we now* find ourselves,— 

“ I^ook abroad through Nature’s range, 

Nature’s might) law is oluiiige 
#«#»«** 

Wlij then luik of silU man, 

To oppose great Nature’s plan ?” 

I would answer from the same source that 

“ -— man, to whom alone is gi\ n 
A ray direct from pitying iroii’n,” 

should by means of that ray not oppose Nature, but mtlicr second lier pri‘ser\aiii e 
measures. That ray is the ray of ycience Wo can onlv gov era Nat me by obeying 
her, only by obeying her can wo assist her. To ob.wTier laws we must kno^w 
them , what can we know of them but what Science tcaclies us Y 

It may be said that I have taken too gloomy a view of this matter of the extirpa¬ 
tion of animals by man. I wish I could think so. Put I believe that if we go to 
work in the right way there ib yet time to save many an otherwise expinugspecicv. 
In this country there is happily a strong disposition, which grows stronger day by 
day, to preserve our wild animals It is very desirable that this feeling should 
not be limited to the British Islands. If it is, as I maintain, a right feeling—a 
feeling sanctioned alike by humanity, by Science, and by our own matennl interests— 
it cannot bo too ■widely disseminated But its propagation must not bo left to 
humanitarians and sentimentalists, whose eflorts are sure to be brought to nothing 
through ignorance and excess of real, nor to economists, whose endeavours w ould 
unquestionably falh short of what is required The officiousncss of the one class 
and the slackness of the other must equally be temper€d by the naturalist He 
con be tnistad not to interfere with the use, but ■with the abuse, of the animal 
world. Only to do this ho must place himself lu the forefront of the movement j 
for he can submit to no otheu loader, llo alone has, or should have, that know- 
ledw "Which gives the power of coping succi'ssfully with the difficult questions ^at 
will arise, and the advantage it gives him he must not abstain from exercising 
If, without offence, I might liere paraphraso some v onemblt^ "w onl^, I would wiy 
that, according to the OTeotneee of this power, W'c mu^t prceiwe thoaf that ai4 
otherwise appointed to die 
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AnATOMT AlTD PhTSIOLOGT. 

Tlit FiUurt of PliifSidloglcallltsearch.—Address to the Department of Anatomy 

and Physiology, By John (jrfy M‘Keni)Iiick, Af D , Fellow of the Itoyal 

College of Phystcxans^ and of the Boyal Society^ of Edmhurgh, 

Poarinff In mind the fact that one of the objects of the British Assotiation ih to 
interest the public in the advancement of flciontilic truth, it has been the practice 
of the Bresidenta of tho various Sections to make Home remarkfi of a jr*‘neral cha¬ 
racter, or togi\B a of tho ri‘Cent progress of science in their particular 

department I shall follow so far the example of my predece^sois I shall not 
attempt to enumerate, far less to desciibo, the contributions made to anatomical 
and physiological scienco duiing tlic* past year, hocauso that wtiuld entail a long 
and weansomo report regarding inmostigations with which most of iw are already 
acquainted by the penisal of those excellent summaries that appear from time to 
time in our scientific and medical ponodicols With tho view of limiting the 
scope of this address, 1 projwso to offer a few obscr\aliens beaiing generally 
upon some of tho sciontific and social relations of anatomy and i>hysu)logy, with 
tho view of interesting the public in what we ha\e been doing, and what we hope 
yet to do 

Those sciences present different views of the same great system of truth Each 
can bo conceived as existing independently, while at tlie same tune the out' ecienco 
IS tho complement of tho other Anatomy is tho sciem n of oiganic form, while 
physiology IS that of oiganic function I'ho anatomist iinn^tigates stiucture, ita 
form, geiieml arrangements, and laws, and he may include in Ins survey the pur- 
poH(*s or fiinrtiniis v\l)ich tho fitructuio fulfils Becently an opinion has been pre¬ 
valent, and has cropped up in vanoiis quarters, that anatomy is but a preparaUiry 
science for physiology This opinion has probably anson in consequence of the 
rapid growth of physiological scienco dimng the last twenty or thirty years But 
there can bo no doubt that anatomy has a iCih of her own uy no meana inferior to 
that of physiology Hho has to oduce formal laws which determine the structure 
of orgamzed bodies and their parts, and thus sho estahhshos the basis for scientific 
classificabon and arrangement Anatomy w tho bogmmng, of course, of all medical 
education, and the groimdwork on which the practical arts of medicuie and sur¬ 
gery are reared , but iii a broader sense, the science has to do with the structure of 
every animal, from tho simplest to the mtist complex, and from the facta obtained 
in tho investigation of the structure of any animal, wo are able to recognize the 
relationships it has with other animals, or, m otlier words, its position m the Zoolo¬ 
gical scale. 


Methods of Anatoixy. 

The methods of anatomical science are dissection, description, and comparison. 
These methods have been followed by anatomists from the birth of the science ( hut 
in recent times they have boon largely supplemented by the use of the microscope, 
lud by the employment of various modes of preparing tissues for microscopical 
inquiry. Now-a-days the anatomist not only desenbea naked-eye appearances dis- 
playeu by the art of dissection, but he scrutimsM eveiy tissue and organ with the 
aid of the microscope Hence it is, tho historian of 'the progress of anatomical 
knowledge in this century will have to relate, as one of its chief features, the deve¬ 
lopment of microscopical anatomy or histology In no department of soientlfio 
work IS greater activity manifested at present than in this Scarcely a month 
passes Without adding matonallv to our stores of knowledge, so os to make it 
almost impossible for a man to keep abreast of modem bistology, and at the same 
time devote due attention to other departments of anatomy and physiology. In 
(lormany and France men devote their energies to histology as to the businest of 
tlieir lives, and occupy chairs in many imiversities distinct from those of ouatoiny 
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ftnd pliyftiolopy. Jx\ this country, from social and other considerations, such a divi¬ 
sion of labour "is not generally msdo, but Die time will assuredly come when It must 
be done. 


iriHTOLoaY. 

It may be supposed from those remarks that I regard histology as l>ing entirely 
within tno province uf anatomy lly no means Histolo(^ is noutntl lerntnr^ 
between botn It is that department of knowledgt* where the two sciences over¬ 
lap The physiologist must investigate minute structure, m which the Ix'ginnings 
of physiological prooessos lake place, because without knowledge of it nil his ideas 
as to functions of (organs or tissues would be Hunerticinl and imsatisfactor) When 
n physiologist oxaniines a tissue, or a section of nn organ, h(»wcnor, the morpholo¬ 
gical aspect IS nut wlint is prominontly b<‘fure his mind, hut its mode of function 
To him the fonii, si7e, jiusition, and relations of the cell aie not the special subjects 
of mterest, but its probable mode of action in the eeonom^ lie therefor© wishes 
it could be seen working, or at all events in conditions as neorlv normal ns pussibh' 
This desire has already led to the invention of various new inetliods of research, 
such as those of the liot stage, or plans for the ob«ervati(UiH of change‘s in cells or 
fibres in parts accessible to tne microscope, methods which have aln^ady l>een fruitful 
of good results 1 have a firm belief that this line of work has by no means been 
followed to the end, and that along it the physiologist wnll still W conducted to 
iich harvests m the fields of histological research 


MrnioDR 0)’ PiiYsioioav 

Tlie kindred science of plysiology has for its object the elucidation of unction, 
and it has, in addition to the methods of anatomy (namolv, dissection, desenption, 
andcomponson), those of pathological observation and e^qieiimentation. It is con¬ 
fessedly tho science nutst difficult of all to prosw^ute The subjects of investiga¬ 
tion are mtncat« in structure, and are fortneu of complex chemn al materials, whicdi 
ore m constant interaction with the surrounding world Eacli animal is a machine, 
tbs intricacies of which nro infinitely more involved than those of any liumau 
tnanufacture To stop this machine, in tho attempt to disoovoi the action of one 
of its parts, is a proceeding, in many instances, which interferes with Lho very part 
the action of winch we wish to find out. As we descend in tho scale of animal 
life, and the mochme becomes less complex, this difficulty is not so obtrusive, inas¬ 
much as in many animals of simple organization there is not the same dependence 
of organ upon organ, and of tissue upon tissue, ns we find in the more complex 
But in most experimental resoarchos in other sciences tho conditions are also mani¬ 
fold, and the acumen of the philosopher in nil is tested in disluigmshing the essen¬ 
tial from the non-eswnitml conditions 

In the further prosecution of physiology as a physical science, winch it really is, 
expenmontnl inquiry, with the aid of precise iiiMVumeuts, and tht* facts derived 
from the observation of the course and effects of disease, seem to nu* to be tlie two 
linos of evidence which will in future weigh with us in coming to just ctinclufiions 
No doubt it Is quite true that much of the minute anatomy of the human body, 
and more so of the minute anaUimv of the bodies of the low^r animals, is still 
unknown, and that there are probably many details, visible only to the microscope, 
not yet discovered, which may mfiueuce our opinions ns to the exact functions of 
pa^. This is espediilly tnie of the structure of the ner\o-centres. We have at 
present only very general conceptions of tho armngomontfl of the cells and fibres in 
these pert^», and it is highly proonble that future aUcoveries in this difficult field of 
inreetigation may change our views, not only of nervous action in general, but of 
the functions of particular centres. Accordinglv there can bo little doubt that as 
the naked-eye dissection has rovealcd structural aiTangemcuts which have hitherto 
guided the physiologist to correct notions of function, so in tie future a similai* 
smtee will be "done to pliysiology by the hlstolorist. Rlill phyoiology will have to 
depend lets on aid of this nature, and more on the facts obtained by the methods 



128 


REPoax—1870 


of patliolt j^Ral bsfnati n ai <i rtperiraont These methods nrc criS(>!jtiallv of the 
same on^ci ] hry vai> the circnm^tance^ of the phenomon m wc wish to imeati- 
fratc, ftud b^ the application of wtll known logical lulos, we snu^i d in eboimatmg 
the cause of a phenmienon fiom its mdifflreiit accompaniments DLscased condi- 
li >n«, as has been w«ll saul, are ( vpenmuits ready at handt and e\ery phjHKian 
and auigeon of stiontihc spiiit is from day to day engaged in inst stigatiug these 
PonditDiifl n )t only TMth theMtw of curing his patient but with tho hope of 
Ihio^Miig hght on (omplox ph\ niological pro<< m But direct experiment has the 
ad>nntn/ er th^'ohsenation of pathological ftfectn that it enables us to \aiy 
the conditions of tin pin no neiion as we dt sue Thus the tuuctions of the neivos 
^vere nwitaun I hy tin. eyptiinunt of dividing < och in turn, and watching the 
ctttct W hen n fm ction i^ airested luimediattlv on the division of a nerve, it is 
held that that fuucti m nqinus the lunt inoidci to its peifoiniance 


Tin \ IV THFCTION Ql I si ION 

I make thest lemarks rogaidmg the value of the expenuuntal method in phy¬ 
siology because wc cannot foiget the attempt whiui has recently been mode 
1 1 restrict uh in the use of this important aid in prosecuting our seu nco I sliall 
not inter again upon the contioveisy which has raged m this country regard¬ 
ing oxpenmt nta upon animals beeaiist by the passing of the Bill a practical 
solution of the question has been amved at in the nuan time, and it now 
us, as gorid citizens, to do all in our power to raii\ out the provisions of 
the net and to give it a fair trial I may b< permitted to say, however, that I 
always recogni/csi the right of the public to agitate on this c^^iustion if they consi 
dcred that rrudtv was lx mg perpetiated 1 hope the day will never come when 
tales of suffering inllictod either on man < r b< list will b he ard by us with calm 
indiffcHnce Ihe conqlnint T have against a scelion of the public is, that the} 
belli \cd Hppan utljy all they were tdd and condemned ua witliout waiting for 
pviliuati )n or defence \t the siine limo it was not vms 3 to nuot this agitation 
vv jth cont< mpt and scoiii f i the j^oranee of those who < arried it on, and it seems 
t) int that tuo appointment of a Royal Commission to investigato the facta of the 
taec was the best thing that could have b<on done b} tho (tovirument That 
Commission was compusod of thiee eminent statesmen—Lord Caidwtll, Loid 
A\ inmarhigh, and Air 1 >rstor ot a groat law}tr, skillid in the art of obtaining 
and w ighiug evidence Sir John Karslake, of one of the leading biologists m this 
( unitiy, Professor ITuvley, (fa surgeon who knew the lolalion ot physiology to 
the practical art of tuatmg disease, Afr knehsen and of a hading journalist and 
most able thinkt r, Mr ITutt in, the editor of the ‘Spectator’ Thus composed of 
men likely by charaf tci and previous tiaimng to asccrUin the truth, and to suggest 
WISH jnocedims it hold numerous met tings, examined wituosses partial and impai- 
tial, tollocted a bodj^ ot evidc nco of a most inloreating and diverse character, and 
gave m a report which, while it r< commended legislation, is generally m favour of 
ph}8iologi8ls No one can nad the evidence in tho blue book, and the lepoit 
io inded theieon, without coming to tho conclusion that tin cose of those who 
r used tlie outcry against phjtnologists in this country completely bioke down On 
ronsidciing this report thi Uoveniraent brought m a Bill, certain of tho provisions 
of which seemed not only oppressive to phymolocpsts. But were calculated, if earned 
into law, to impede thn progiees of science fhe members of the medical pro]^’' 
Sion who knew the value of the oxponmental method m physiological reeeawjt 
an 1 who were painfully conscious of the manv imperfections of the art due to 
of knowledge, vveic now aroused, and, by a use of the machmejy of the ^Bntisn 
Afodical Association ’ tlu} aided the few physiolopsta of the country m making 
representations to tho (lovt mment, which were favourably received, and which 
led to important modifiLations in the bill That bill has now passed into law, and 
I appeal to our opponents to desist from further agitation The case baa been tried 
and the verdict has been given For my own part I was all along opposed to 
legislation as being quite unnecessary in the circumstances, but 1 had^ at tne same 
time, that confidence in the conunon-sensa and good feeling of our legislators; aa to 
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exiH.'ct a bill fa\omable to ]>b}HioJ()|pp*tH when the ^\tlc jml beluie tlieiii 
8ome of our opponents, led ftwny by tneir feelings, ha\e put in print nmnj eiioneous 
statonientfl liosts of piimnhlets lia\o been circulated, man}" of them well meant, 
))ut utterly wjoug both in form and inaltei For ft sen'^on tlnne pamphlets pio- 
duccd oilects, and many jx^ople of good intentions were led astinj JUit ft lenctnm 
bpfftui, and when Iho lending mcmbeis of the medical piofessiou camo for\^ftl■d 
b<.mlly and stated then opinions, it \\fts Siion coinpleb^d 

The only pre\outivo for sueli tasunl exeiteinents is t!ie ditTubion ot Knowledge' 
I liftVe no belief whatever in the theoiy that most jfoople me tools on qur^tions of 
tins kind The great majonty of our jieople of b«jtn ae\efl are pf rfectly capable of 
n'ftsumng and of fonmng sound opinions Whivt they reqmio is knowledge, evi¬ 
dence, and representations strong cnougb to o\orcoino the bias < f prtjudiee I 
therefore warn our opponents that if the agitation he coutinned, we will appeal to 
the bar of public opinion We will instruct tlu‘ public tlireuigh the piess^ on the 
platfcirm, and by the pamphlet, and I lia\e no fear of wliat tho issue will The 
iftct that tlie members of the medical profession wdio, by kn()wh Hgo and habits of 
thought, are best competent to judge in tins matter, acted R'i they did, indicate? at 
once tho result. 


Imi»out\nci: c» ii-Af l^^G Biolooy. 

Tins leads me to say a wonl as to the ditiusion of biological hnowleJgt among 
the people I regard this ns ono of the liealthiest signs of om day A genera) 
knowledge of tlie stiucture and functions of tlie human body, of its latcssiUes, ot 
those agencies which act prejudicially upmi it, and of those conditions which fa\om* 
longlife, tho relief of pain, tho prevention of sickm'ss, and the tiansmisMon of 
hcfuthy offspnng, cannot fail in being of high practical importftuce Fuitliermore, 
tho acquisition of knowledge of the geneial laws of life as seen in the \arious In Lug 
things about ns, in addition to being an mtellcct nal traming of gioat value, will 
probably engender a fc^eUng of kindness for every hving thing, and thus oven 
animals will shai-e in the benefit At one time knowledge of this kmd was almoH 
wholly reserved for tho medical profesvion, but now it is taught in every village 
school The instruction of ladies in a knowledge of the general stiucturo and 
fimetious of the human be dy has i\»cently lieeii successfully earned on m various 
parts of tho country, more esjiecially in J’Minburgh and Fninbi idgi', and I can state, 
from my own expeiience of this inattiT, that ihcio is no dilhculty wlialevcr m so 
trt'ftiing tlie subject as to make it inh leMmg and iiiKtruclive witlioiit giving it too 
much of a profcssiural character Tho efiect of education of this kind will lie that, 
within oiu* or two generations, many social questions will be viewed moio from tl o 
physiological standpoint than at pre«ont, doctors will Ix' able to give an mtelhgiblo 
explanation to tlieir patient^ < f tneir condition, when il is deemed puluious to ch> 
so—a feat not easy of perfoimance at picvmt, the manag* inenl t f the sick will be 
better attended to on more rational piinciplea ; quaokeiv will waste away by dt- 

f ^rees, because it will have no ignoiance and ercdulitv on which to fet'd , and legis- 
ation will be promptwl m many instanct'S not by emotional agitntums, but by 
enlightened views of the physlcarnatuie of men, 

I caiim>t help mentioning tho name of Professor Iluvfley in connexion with tho 
introduction of this great subject among our educational appliances, both as to 
what should bo taught, and how to teach it, and it may not bo considered pit- 
sumptuous in me to predict that this alone will entitle him to a place in tho llioughls 
of posterity. 


Fhaoticvl Aspfots of Anatomy vnp rHYsioi.oQY " 

There is an improssion m the mmds of manv legnrding our scientific work which 
I would like to lomove; and hcie I direct my remarks, not to purely ecientific men, 
but to the public. Many still think that aiiftiomy and pliysiology have no practical 
Hide, and consequently they do not take that intercut in then prosecution which 
they otherwise would*do. The results of the triumphs of plijfics, cheundiv, and 
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ongineoilug are ho patent to all as to excite universal interest, so that you wiD 
often find a man of a\ enige intelligence readily engrossed in any new discovery of 
physics or of chemwtTy, while he is mditferont to new facts m the domain of 
Diological science This state of mind, of course, is duo to a want of appreciation 
of the practical aspect of our woik, and I hold that till the man be bettor informed, 
ho 13 quite ontitleu to take this new of the matter But I Tviah to pomt out that, 
although our ncionces occupy their n^u place an abstract systems of truth, bearing 
no apparent ivlation to the wants either of humamty or ol the lower animals, kIiII 
they na\o hImd a piactical aspect of the highest importance My belief is that 
p\erv alliance in sciento, by adding to the sum of human knoiiledge, and thus 
enabling man to ha\e a conect idea hm tiiio posiluui lu the uiuierse, and of hw 
lelations to it, will ultimately piomote both Ins own niutcnaJ well-being and that 
of the other hung thujgs about him 1 do not see how it can be otherwise , and 
tho histoiy of the past suppoits this new Knowledge promotes cjiibration ; and 
ttie progress of cuih^alion, <m tho whole, lessens NUileung and luoreasea tho 
.physical souices of happiness both to man and beast The tlioiight must Ihoreforo 
he urged, tliat e\ory reseaich, howeier far remoied it may appeal to be at first 
from iiaiing any relation to the welfnroof liiing things, occupies its place in leading 
to this grand consunmiation^—Ufe, libertv, and nappmesa to all. From many illua- 
IratJons w Inch occur to the mind, T shall talvt‘oidy one M Basteur proied that 
in the atmosphere there exist germs or particles of matter, call them what you 
will, w Inch excited fermentation and putrefaction in certain fluids Of this, I thuih 
tlu*re (anuut bo nny reasonable doubt AVhether ferinontatioii bo always the result 
of the presiMioe of germs is another question, uptui w inch I shall not enter, nor shall 
I engage on a dis( iissjun of the question of so-called spontaneous generation, whicli, 
though highly probable, has never, in my opinion, lioen proxed Thtxse luxeatiga- 
tions of Fnstoui, relating to winch a gieat Ccmtioiorsy has taken place, referred to 
animal and vegetable oiganisms of tho very humblest type, organisms so small that 
to prove llunr very eviNlenco in tlio air, indirect and complicated methods of 
procedure had to ho adopted But Mr LisU'r, who once occupied the Chour «>f 
iSurgery m tins Umversity, and who now adorns the CJiair of Climcol Surgery m 
Edmburgh, was attracted, whilst he was in Ulasgow, by the doctrines of the 
eminent French chemist, he repeated experiments to satisfy himself (d their truth, 
and he came to the conclusiou that tlmso particles m the air are the souroea of 
disturbance in woiuid'^, loading to suppumtion, putrefaction, and many grave 
constitutnmal symjitoms. To remove the iiifiueme of these germs^ lio devised tho 
antiseptic system of treating xvoiiikIh, a system first put into operation m thb city, 
and winch is attended w ith great succeBs in the hands of tliose who practice it 
carefully. Slovvlv but surely tins system—tho gre.atest advance in surgery since 
ihe days of John blunter—is wmning its way in this country, on the contment, and 
in America, Tho flurgicnl mind is eminently comervativo and not easily conxinoed; 
but it gives way after a struggle, and the ixmoflt both of tho prohminary caution 
imd of the subsequent vigoions nd(»ptinn is to humanity. What does the prao 
tlco of this system of treating w'ounda mean ? It means, speaking generally, 
the banishment of pvaDima and surgical fever from hospitals, the possibility of 
perforining many serious oyorntious with comparativ e safety to the patient, the 
relief of pmn in the dressmg of woiinde, and the saving of human hves. I need 
scarcely add that IVufossor Linter did much in Ins earhor years to give him a high 
place among British physiolo^ts, but, in addition, he has showed the successful 
appbcation of purely scientific knowledge to tho advancement of the art of aiurgery; 
and in suggesting a method by which life may bo saved and sufionng mitigated, he 
has earned the ^'atitudo of humamty. 


litPOETAX^TK OF InA^FRTIGATIONS ON TUK PuYSlOLOGICAL ACTION 
OF Active Substances. 

There is another field of physiological rosearch which promises to confer great 
fgactioal benefit on the human race I refer to the investigation of tho phyi^ 
fogicol action of active substances, whioli may lead us not omy to the disooveiy of 
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importaut therapeutic ageuta, but to a knowledge of the relation which exiaU 
between the chennoal Conatitution of a substance and its physiolopcal effects 
Already a conaiderablo amoiuit of v ork of thw kind has been occompushed The 
physiological action of the Aantnis anseathetica (such oa cliloroform, chloral, alcohol, 
See )f of narcotics (such as morphia, narceine, narcotine, codeine, and many others), 
and of alkaloids ^such asstrychnino, brucine, nicotine, atropine, hyosc) amine, physf>- 
etigmine, muscaruiOj^t'iatnne, aconitine, digitahne, santonme, ergotino, and quinine) 
has been carefully studied The cidobrated icsearch of iSrofeasor f’rum Brown 
and Hr Tliomas li Fraser, u|)on the physiological action of the raetliyh, amyl-, and 
oth}l-HubylUutinn coiupKiurids of certain alkaloid'^, m which they showed that a 
change in chemical composition was attended by a change in physiological action, 
opened up a now field of disooi cry. The investigations of Br B W Jiichardson 
on the action of homologous senoa of alcohols and ethers, and the obsenatnnis 
made by Iholeysor Dewar and myself on the action of the chinolino and pyndine 
senes ot bases, and their enhititution compound^, all tended to illii«itrato the same 
general truth Nor mint 1 forget to mention an intere‘<tmg senes of miesligatious 
made by l*rofess(»r Oamgeo, of Manchester, and his pupiis, cotmnumcaled to our 
Section and at the present mooting, on the nctUiU of \anous compounds of the 
rare metal vanadium, on the action of diramium solN, and on the differences 
betweou the physiological actions of oitlm-, meta-, and py-ro-phosphonc acids. 
Horn, again, we had n further lUuRtratiun of the important facts that the physio¬ 
logical action of any actne substanco is affected (1) by the number of atoms in the 
molecule and its comple\ity of fltriicturo, and (2) by the degree of stability of the 
moltHiuie That is to say, the more complex the molecule, the more intense and 
prolonged will Us actu)u piobnbly be , and, on the other hand, if ihf' iuoUm ulo <d a 
substance tend readily to break down or split up while circulating in tlie bhaal, it 
will act inort^ intensely than if it held fiimlv together for a considerable lime. 
Those generahzatioiH are merely tentatno Wo ha\{j not yet saHiticiit data to 
cnlillu us to term them general law^ 

N(n\ no one can glamo over any work on (uganic fhomistry witliout seeing on 
ovei) page tin* iiauiori of sub dam e< regarding the physiological action of winch we 
know nothing 1 would not have these uuestigated in a proml^(uous manner, 
with the laguo h(>pt.> of coining upon wonmlhing n(‘iv Ifme, as elsewhere in 
science, we must he guidt'd so far by the light cast upon the unknown by former 
discoveries, and by those general laws which have hoeu h^rmnlated by previous 
investigators Nor is the mere discovtiy of new poisons any thing but a “sorry 
task,” unlets the rc‘soarcli lead us to an agent likely to be (»f therapeutic value, or 
to the enunciation of an im]iortftnt general principle But former e\p<'nence 
warrants us m hoping, nay m expecting, that new useful agents will yet be disco¬ 
vered. I need not refer to the practical fipphcaticms of clilorofonn and ether, oa 
these are too well known to noca any ouh)gy from me, but 1 may be* allowed to 
direct attention to chloral, hrst discovered by Liebig m 18:32, and known for many 
years merely as the ultimate product of cbloriuo upon alcohol It was only a few 
years ago that Idobreich, of ^rlin, pointed out its important physiological action, 
and it i» now recognized as a therapeutic agent of the highest \alue. Its use, no 
doubt, has often been sadly abused, and people have ofleu Infli'd with a wtwerful 
physiological agent even to the loss of their lives, bufTwhen we think of the hours 
of pain which many a weary sufferer iios c'^caped hy its u>o, w'e (*amu)t but regard 
it as a boon to humanily 

Hero the physiohigist must go hand in hand wuth the chemist The chemist in 
Ills laboratory preparoa the eubstances, and builds up new compcnuids by those 
wonderful synthetic pnx^essea which are now the glory of bis sc ience , it is then 
the duty of the physiologist to investi^to the actions of these By muted work, 
who can foretell what may be accompl&hed Y For example, may w^e not h(»pe to 
866 the day wheu such a substance as quinine, or a substance having similar 
tlierapeutic properties, may be produced artificially, nr, may we not obtain an 
an©sthetic as potent aud even less dangerous than those at preaent empKyed P 

Nor Imvo we yet investigated the physiological action of the active prmciploa of 
thousands of plants, many of which may prove to be of great value. Ijct us 
twmotaber the well-known words of Shakespeare, as Romeo—the love-atricken 
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Iwomec.)—rejiHiis I > 1 nai Lm\nLiirea cell, ‘‘when grey-ej d me in tiuih > on tLt 
li ow ning night The old fnai thivs sohloqmies — 

* I muHt uj>-0ll this osier cage of ours 
\\ ilh halelul netds nncl jireciouft juicwl flowers 

« « « • « 

Mail) f r luauy \irlues excellent 
\ono but tor some ami 3 ct all thflereiil 
O tiiukit iH tbo powcrlul grace tlivt lies 
In herbs plnnls stones and their true qii a lit us 

« « « * • 

Within th( infant rind of this weak flower 

P( ison linth residence and medicine jx>wer 
1 or ll btii ^ smelt with that pirtcluers each i>ail 
Ucing tasted i^laTH all ncubca with the heart 

1 inufo and Juliet Act IT Scdie 1 

I cannot lulp noticing hem in pas ing, that shakev^pearo appears to ha\t un- 
cened the notion of the physic hgical autagonibins of dnigs, whiLh is genornlly 
reMrded os quite modem, nlthongli the piactice of using antidotes has been 
followed from the eaihest times Ihus in tho inUniew between the (^iieen and 
Coroeliufl, tho physician, in C^inbclme, she says — 

Having thus far prxieedod 
(Fnleflfl thou think st me devilnsh) is't not meet 
y hat I did iimpUf> iu> judgment in 
Other coneliisK ns? I will try the forces 
Of these thj compounds on such creatures as 
W e count not worth the hanging (but none human) 
lo try the vigour of them and anply 
Allaymente to their sot and by tnem gather 
Xheir several virtues and effects —(^pnheline Act I Scene 0 

KkTATION of PmsiOTOCY TO Mfpicink 

I may now be nemntttd t > ^ay a ft w werds rcgauling tho pieecnt ^lOhiLiou oi 
attitude of physiolcgiLal scu net I am in tho habit of thinking of pli>n ilogj, not 
c nly aa a physical wienct in lt^elf, but as having a duett relation to two other 
sciencis—medicine and p-^ychohgy ('‘arrying out this idea, were a sculptoi to 
tuim a grciij), he might lepresent physiology, on tho one hand, dispensing gifts and 
affording assistance to medicine, and, on tho other, pointing upw ai ds to psy ohology as 
the gi eater sister of the three Abandoning metaphor, there can be no doubt physio¬ 
logy w most intimately connected with those sciences Iirst of all, with regard to 
modicuie (^and by this terra of course I mean the whole art of detecting and cunrg 
disease), tnere aroni any nrobleras w hich physiology alone can soh e The origin of 
disease, the steps of the changes by which organs and tissues become so altered as 
to produce what is called a Qiwmsed state, too effects of one diseased organ upon 
others which are healthy, the actions of remedial flubstancea, both in the healthy 
and m the dineoscd conditioil} are all phy siological processes, many of which cannot^ 
m the pre«i* nt condition of society, Be thoroughly inv estignted ry a practitioner, 
who w often too busy a man to engage in thw £na of work Such labour must be 
handed over, to a Imge oxtont, to a special class of men Ihey must investigate, 
experiment, and work up the subject m the laborato^—cither the pliysiological 
laboratory of the univ ersity or school of medicine^ or oi the hospital or inflnnary— 
os the buflinesfl of theli lives, and from time to time announce tho results Thoce 
results must be checked by past experience, or by a knowledg^e of cases apposite to 
the point, by the mou who corae into daily contact with patients, and their ve^ct,* 
so far 08 any practical benefit is concerned, must usually be regarded as final 

‘ Impoutanck of S\ stkmatic Inv'bstioation of Disbases 

In the present state of science, we have not reached that aubdivision of labour, 
nor need it be eier absolutely complete Many of the bwt contributions to phytio* 
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l(t>j:k*al fthd ]iatliolt>^icivl acienoo, durmg tlie pa«t twenty Inn*' Ixm ti-om 

nit‘n bu^v Jii practice. Sucb buwy men will, no doubt, iiIwayH bo foiiiid in tlio 
nrjJi^ of tlio juedical prolo«Hioi), and they will confnbute far to ILo ndi/incenicnt 
< 1 iiK'dicine , blit in the fiitun*, much f-cicntiflc woik, a baM^ oi tlie protlical 
treatment of diHta‘'e, nuit*t done by men Bpcdally de^oted to tlie labointoi), tlic 

S atholop;icol theatio, and the clinical won! The origin and piogiens of lluse 
leoaerd pn ct whu li i rubo lancer, tubenle, rhcun\ati«ni, and gout, with all 
their nltendant the discoierv of the jioipona which produce fiwer in Ur mani¬ 

fold fornifi, tlie modea of countei acting theto poison p so ns to arrest the ]>rogre'*s of 
fe\er at an curly ^Uge, and the iine-'ligotion of (hoHc dt'^eascs which destiny 
thoiinauds of our d(Uiirstic niiiniah', are all suhjectH which niiiHt be invo'^tigated 
more hyatt .natically and (ui n larger acale thniihnR ^et been done Such htupciidoua 
work efin pcaicelv be hTt to mdmduul efloit To cany it on requires men, time, 
and iiioutw, and thepc can only be Rupplud b\ the aid of go\rmiucnta, ui munici¬ 
palities, or by pmate munihceme Ahendy e\c<Ueiit work has been d( ne by 
IVofoftsor Thirdoii Sander'^on and his c< adjulorn, b\ J)r Klmn, and by Dr 'ihiidl- 
cum, for the Medual Oilicer ol the l*my CVuincil, and bv l*iol(.sK<}r Kuthcrfoid, 
Dr. Draidwood, and others, at the instance of (ho Driti^i Medical A'-sociation , 
but BtiU the amount of aid gi\cn is hinall alongside of what is laMshcd, for 
example, m w^arhke expenment^s (’ompaied with what is needed for the manu- 
foctuic, testing, and eququneut of an 80-ttui gun, doaigned to destioy human bfo 
and property (no doubt on the theoiy that it is for the ultunute wclfaio of tlie 
State to do so), a small sum would be nocessar\ , but authonties do not yid see Ibo 
'lost importance of iiiquiues ot tljis kind, nud consoquentlv consider two nr three 
thousand pounds per annum sutKcient Wo accept giatefuUy what hcdpis given , 
but W’e look for inoie I Iiope to see the day w hen Govoinment will equip and 
thoroughly funiish a bod> of men for the invefeligatioii on a laige Male ot tlie 
genesis of such di^ea'^es as tubeide or of typhus fever, both of which kill in (iient 
Britain alone thousands of people annually, ju^^t as tlie\ June smil out a ‘Chal¬ 
lenger’ expedition to exploit* tht^ depths of tlio sea, or have at pie^mt a number of 
biave inon engaged ui the attempt to di«covei^ the North Doie To stiiko at the 
mot of ono of tho-e gieal maladies that afDict tho human race, tucli as cancer, 
tubercle, oi fovei, vvt.uld c<nifei an inestimable hleFsmg on humanity, and honoui on 
the Ooveruiuent that pr()j)o*-ed and earned out tlie undertaking 

IvEl.AlION OF 1*11Y810I.0(..Y lO PsiCHoT.OOV. 

As I have said, physiology is intimately connected with psvdiology, or of the 
pcience of the mind , ami as this department tT phjsioUigicul woik has lately been 
my chief studv, I mav bo allowed to leler to it a little inoie m detail 
Psychology may be divided into two pails —hist, all those phenomena winch we 
may include under the term mmd properly so callt'd, '^uch ns leclmg, volition, ami 
intellectual procc^fles, and second, the phenomena vdueh are asMuiated with, and 
which indiento the nlliancn between, mind and matter Eveiy mental act may bo 
regarded in the present state of knowledge as having a double n-pett—on the one 
side it Is knovvui to our eon&t lousni'^s, and on th<‘ olluir '■ide it is tl e le^ult of a 
number of phy^cal procosM's orcuiimg in the brain 

Tub Me mops of Psxt hoi oo\. 

Ill the investif^alion of mdnta! plienomona, two modes of inquiry have been 
hitherto followed birist, that of mtrospettion and ledection, in vvlucli the inves¬ 
tigator looks within himself for ibo facts of his excellence , and ^econd, that of the 
(»xaminotion of physiological processes wduch coincide with seusoiial or mental 
changes. It is evident that tho first of these methods, u<.uallv called tho subjective, 
is open to the objection that by it a mind attempts to oWrve itn cwm opeiations, 
and that the proceeding is somowbat analogous to asking a machine to investigate 
its own meebanisTO Tins oWoction, u^ed in other w ords by C'omte, Maudi^ey, 
and others, may be answered by replying that the subjective method does not 
attempt to explain the physiolo^cal phenomena concomitant with mental states, 



184 


EBPOBT— 1876. 


but the Uw 9 wlucb rt^gulaie these mental states themselves Suppose a oompU- 
oated maohine possest^ consciousness, 1 can readily understand that by the 
exercise of this consciousness it might be unable to disooier the relation and 
mechanism of its own parts, because in attempting to do so the machinary would 
be so interfered with as to prevent normal action, but it might still be able to 
study the products (f its opeiationa I do not, therefore, decry tins old method of 
peycliological leseaich as it is Si mucli the toshion to do m those days Apart 
altogether from the philos tphical spaculatu ns and »yhU nis uf pliiiuaopny founded 
upon them, I think many data accumulated by such men os Locke, Berkeley, 
David Hume, Ihomaa Iteid, Dugald *5touart, rhomos Brown, Sir William 
Hamilton, and Jamos AliU have a« g ukI a right to be con^dt ud correct as some 
of the quasi metaphysical coric( pti ns ot undern ph\aical science hubiecUve 
inquiry earned on d\ «uch men camu 1 bo given up as a lu do ot jwychnlogicol 
roseaicb It may n t cany us much fuitherthan it has dom, but it nas icndercd 
good service all* adv an I luav p ««ihl> d:> m ic 

But, on the (the i luu 1 the b^Lttiv o lut th d appt ars to mo t j be the one which, 
in future, will be pnncipallv cultivated, and it ib i )i this reason that, as a pliy lolo- 
gibt, I wish especially to icf^r to it 

It j8 the burtineae of pby nd )gy t<i supply psvchoh gy with inf )imati )n legardiuff 
physical procc‘»seH occuning in the uorvous syst* m , and it is one of the special 
icaturea of the phjsul gy ot the present day to direct attention tj the pliysical 
side of mental plienonie la \o df>ubt Aiistolh , Hobbes and Harthy incorporated 
into ihcir psyclul gital tlu rifs much that was punly phjsnl gnaf, but in then 
days the plijsi logy tf the niivous systun was m a ciude state, and, constM^uontlv, 
did not lead to gnat result** fix coinpamtivcJy rectnt tim< s, a now inductive and 
ox[>enmental dopaitment (f stnnce ha*« anstn, the natun of which Is indicated 
by the toim physiological jwvchol gy and winch is being dilig* ntly cultivated by 
numerous workers, both at li >mo and abioal fn our r vvn i )imtry the wntuigs 
and lestarcht s of JLrbert Sptncoi, ^levaiidu Bam, Dr La>co( k, Oe irge Henry 
I,«eweH, Dr Alaudnlev, Dr Caineater, Alfied Banatt, au<l Janies feullv, and on the 
continent th we t Itchntr, Ilelmlultz, \\ undt, JTtrujann LoUt, lame, Donders, 
Plateau, and J)albo( f, liave excited mucJi inteicst, and have led to the f( imation of 
a now HI hool of thought 

I think it nglit ti mention heie speoiallv the name of Piofcssor I-#aycock, who 
has done moic in my opim >n m this fi< Id of inquu y than any other mcmtHir of the 
medical pr tessitn of this country m our time ihs teaching has largely contn- 
buted to our present humane methods of treating the insane he has atliacted year 
by year some f the best students of the Univeisity of Ldinburgh to this important 
department of mcdital practice, and his earlier writings incontestibly show that 
many ytars ago, and pii>r to rajst of the wntuigs of those great men whoso 
names I have just enuim rated, he not only ncogmzed the value of physiological 
research with legard to im^ntal phenoracia, but made impoitant contributions 
himself 

I’hysjology Las thus encn at hed on psychology, and is attempting to supply from 
the objective side an t xplanation of at least tlio simplei mental phenomena As a 
proof of awakened inteiest in this department, one of tlie ft atuiea of the past year 
nas been the appearance t)f *Muid,^ a quarteily louinal of psychology edited by 
my able fnond rrofessor Ooom Bobertson of UnncrHity College In the pro¬ 
spectus of this journal it w stated that ‘^psychology, while drawing its fundamental 
data from subjective consciousnt^ wiD bo understood in the widest sense, 
ctworing all related Imes of objective inquiry Due prominence will bo given to the 
physiological investigation t»f nerve-structure * This <]juotation indicates the view 
which the editor tt^es of the relation of the sciences, and already valuahle 
papers have appeared on subjects connected with physiological psychology, from 
the pens of Sully, Lewes, ^V undt, and others 

Now a cortam class of thinkers are alarmed by work of this kmd They are 
afraid of the tendency “ to represent the mental fact as a physical fact.’^ and they 
are inclined to shut their eyes to the physical facts connected, undoubtedly. With 
psychological processes, ana to be contented with the study of subjective pneno- 
mena But as most adinit that there ore two aspects m which mental phenomena 
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may bo viewed, why should not both be looked at carefully-^ Jf it be also 
admitted that it is impoetable to connect any physical proccsH (supnouing we know 
it) occurnng in brain-cells with an act of consciousness, what is the u^e of taking 
a one-sided \iow of the phenomena in question 'W by not study both wdos of the 
pioblem, and give up the attempt at recoucihation, which is entirely beyond the 
])alo of our lacultiesr' This mystery of mind and matter has puz^tled thoughtful 
men from thceaiiust times Some ha\o attempted a rectuicihalion Ihoy have 
icasonod m n cucle, so that mo**! people, afUr perusing thur works, are no neartr 
an ulliniaU m)Iutim than they wiie at the beginning \Vo always cemo back to 
lias Mew of the lose, imimly. that e\eiy fact (f inintl has two aspects, a physio¬ 
logical and a p'+M h jhgical Ihat is one way of looking at the pn blem, and it is 
the one winch in the piesont state cf knowknlgc peisf nally I pitfti Jtut tlitio 
n onotht r liius, as has been well argued by Air tuoige Ilonry Lewes in ins 
icccut woik, ^ Trt bltms Life and Mind, two very ilitloient dobCnpUoiis may be 
given of one aid the same mental activity Ihc one may bo expichsed m the 
language of p^ych 1 gj which is the language we commonly use t) desciibe our 
feelings, the oiliei may bo stated in the language if ph}su Logy, a language intel- 
Iiipblo only those nC(iuainLed with the present state of piiysiohgical research 
He saya, ** All that vvt have t > guaid against is the londency to mistake difference 
(f aspKt for difleunco t pioct s nnl to supp m that changes in foehng can exist 
ludcponduitly f Lhangts m the i^anism, (i that any ihange in the tigamsm can 
bo effeettd otluiwisc than by s me ^itvi us cliai ^c 1 Ins way f stating the 
question may bo raoio salisfar tt ly to some minds At all ev tnU it is n fan attempt 
to solve the piuzlo (f our picstnt state of eMstonce, in which wo aie coustontiy 
brought face to face with the antitln is (f i bji ct and subjt ct 

Abandoning those apoculati ins, w I ich arc fiuitless in paclical tffi lot me now 
ondiavour veiy biiefly to indicat the luiis cf uiquiry in the d main ot physiology 
along which progrtss has been and may be made in the attempt solve psycho¬ 
logical pbem mena , and I wish it to be undcrstoiKi that 1 do not Uki tlicse in any 
logical order, but nurcly adduce tlnra by way of illusirati ni It will also be rov 
aim not so much ti dtscubo what Los been done m the jast, as to indicate what 
remains to bo done m the futm c 

liiKKARCuiN ruvHioiooicAr rsicuoiorv 

Fust of all, tin n, it is qiuii evident that all aoscaiches on the gum nil pliysiolopj 
of the gnat iiont centres are ot paiamount imnoitance huch n scan lus as those 
of Hitzjg, lHts<h, and leiiier on the exciianilitv (t the c^irebral hemwphero«, 
supplying new ideas jegardmg the mechanism (t the brain as a compound oi^an , 
of Wundt on cential innervation and conficiousness, in which he diacuwes in a 
manner never bt fore atteraj ted the phonomona of reflex excitation , of W ilhain 
btirhng on tlie suminafiou ol excitationa in reflex mechanisms, of variuw I ranch 
I hysiologists on the m kIg of action of ganglia in Insecta, and of many otliers, are 
all recent impoitaut contributions to tnw department ol sen nee Here li iwevar, 
we have to confess that we have little accuiate informatun ugarding the minute 
fitructuTo of the parts involved, and (onswiuently no auatomnaJ bn^is on which to 
found our views e have a gom ral idea of etiands of nt rve-tibies and groups of 
nerve-Cilht of varn us foims, but w^t, have no precise knowledge of tlie lolative 
quantity of thest, or < f the relati m of oiw grt up of neive-cella another group 
We are uiiacquamb d with any peculiarity lu fitructuu, for example, by which even 
an accomplished Instologist could identify three microscopical sections as respec¬ 
tively portions of the brain of a man, ot a monkey, and of a sheep All this has 
to be woik out Lvery httle aiea of brain-mattor has to be surveyed and 
carefullv described Supposing this were dme in the case of the human brain, and 
of the biains of tlie higher ammain, the Baine must bo attempted with the brains 
of animals lowei in the scale I con then conceive a grand collection of fects 
which may throw light on the intncete working of different kiuda of brains, and, 
perhaps, afford a rational explanation of certaui simple psychological characters 
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.SlOULSTW) iNVKSlKi \110\ 

Wliftt I moan inH\ pnilinps bf it<‘r nndeiMtood a ir-cjirflt ’wJiifli I \^ouM 

b\ ^^a\ nf <)XiHnmont No one ^^bo ban bopt an a\ia\\ of small biul-* - 

a (’olWtioii of oui natno and foroi^m Unohos—can failed iiMiKcd 

diib'ronrcs of rlmiot I or and Imbita amonj^ diireient imniibois of tbo same p^oniH, and 
(ut'n aiuon^ difloronl nn lubois of tlio «amo Mj>e(io4i One inanjfost^ cmminf?, anollun 
( oiubativenesa, a tlijrd JiindncvH to mialler bietlnen, a foiutb bnlhod all Inm, 

a liflli may mimU\ lie r|iuot and ]x‘aooable, but occasionally ja^os vray to iincnn- 
tiollable ra/jo, and so on Yho question arises, then, IlaAo lli(»o ps>cliulo^a( id 
}H>Luhani 108 any orj^ame basis, any explanation in the strnclnre of the brain r' oi, 
Ale MO to n'st satisln'd by asHi^rting that these pcvulianlies arc due to the actu'ii 
of Home hind of jis^chical prinnple reparduig* which mo Know nothinjrl^ Ihnie 
little doubt most amU aj^iee that these psychical chaiactenstics of buds depend on 
]>cculiantieLS of bram-stinctnie the result of hcieditaiy transmission tlirongh maiiN 
jj^enoratioiis If ao, hero we ha\o an opportunity of oxaimnin^ the micioscopitid 
structure of small brains, mlatnely simple, and easy of manipulation, Mith thcTicw 
of aecortainiug whether or not tbero are any sliuciuml difleronc4>s whub may ac¬ 
count for these diflercmces in psychical character This is a lino of incjuiiy hkeb» 
in my opimon, to establish an oiganic basis for a compnratue jisycludogy. 


lll^-CFNl ATICIU'B ON lllE ClIKMIBrllY OF T11K JIrAIN. 

Hut in studying the physiology of Uio brain as an organ of mind (and the saun* 
holds good Mith regard to the othergienl neiye-centrei^ -we must not forget that, 
111 addition to mere strncturo, two othoi factors hate to bc‘ taKen into notice These 
are, first, the diomieal constitution of the brain itself, and, wx*ond, the ainomit of 
(henncal jnteichaiigc* tliat goes on between it and the blood There are ho many 
exceptions to the general rule, that size of hiam and numliei of c*onyolntions nio 
propoitional to the degree of mtmtal power, as to lender it highly piobable that to 
account foi tbefte exceptions we must asaurae diffoiences of minute atnictiue, 
diderences of chemical constitution,and diflerenci*s of choina al inteichange between 
blood and brain That is to qav, V’e may ba^ e two brains equal in size and m number 
of con\nlntions belonging to two individuals vciy luieq^ual in mental capomty This 
may bo ac< onntod for either by supimsing tliat the minute structure of a coinolu- 
Uon of the one may be more intricate than that of the other, or the one bvam may 
bo ncher m ccitain compheated cliemical comjxmnd«, the splitting up of which into 
simpler bodies is necessary in processes of thought; or, finally, the activity of clie- 
micnl intertlmnges betwt^cn the blood and the brain may bo much more rapid in 
the one than in the other. All this, however, must lemain a matter of con^eolnre 
until w'e know mou' of the cheme^try of the biain than we at present do I have 
therefore hailed with satihfacdion the appearancf' of an claboiate papei by Hr. 
Thudicum, entitled, “ Rewarches on the Chemical ('onstitntion of the Rinin,’’ in 
a rec’ont volume of ‘ Reports of the Medical Officer of the Pi ivy C'ouncil ami Local 
Government JKiard ^ It is impoasiblc to m\e heie a detailed al count of this labo- 
nous inquiry, in which Lh*. lliudicnm and his assifltant, Mr. C T Kuigzett, have 
analyzed the brains of oxtMi, lequmng no fewer than a thoinand of these in the 
undertaking. The lesult, geneially awaking, has been the discoverv of seventeen 
comjionnds, for the first time d^'tocted os ingredients m biain-matter, and in an 
appendir, Rr Thudicnm gi^ps a list of no fewm than eiubtv-two Hiibstancf's wdiuh 
have been detected, bv himself and other chemists, in the binin. h^von admitting, 
what 18 highh probable, that many of these arc products of the docnmposition of a 
few more complex substances, still w-e obtain from a mere inspection of this hbt 
6omo idea of the intricate chemical nature of this part of our bodies. 

Vanous striking thoughts are put forth by Dr Thudicum at the end of his paper, 
a few of which I may be allowed to refer to with the view of sliovs ing how cLeniirnl 
considerations may assist us in our conceptions of the working of tlie nervous srs- 
tem. He says, “ During these proceedings the first striking fact which meets the 
inquirer is, that nerve-matter contains abundance of water. This, in coiipinctioii 
with the peculiar manner in which the water is contained, engenders a mob'hty of 
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uUunjUf* particles witlim certain Umitfl of movement. It aUo penetrability 

by liqmd difl'iiMou, while excluding poromty and ita capillary eifiHita, by whicn 
moaiiH a ready nutrition by diffusion m one direction, and ready clennwng from the 
eirnte cryatallizablo products of life in another are asHUi*ed Consequently the bram 
BH a tvhole m es^^ntlallv made up of colloid matter, and may compared to a 
colloid Hcptuin, oil tho ono side of which is arterial hood and cerebio-Hpinal fluid of 
the \eiitncles, on the other side, ho^^eier, is cerebro-spmal fluid of tho aiachnoideul 
space and \ ono us blof>d It folio wh from this that the largo amount of water pre- 
‘'ent 111 the brain is not tliere, so to say, mechanically only, like w'ater in a sponge, 
and capable of being pressed out mochanically^ but is chemicall} combined as colloid 
hvdration uater, or, better, 'water of coUoidation ” 

Dr. Thudicmn dnides a laige amount of the matter ocenmng in the brain into 
three grteips, M7 phosphonzed bodies, conwfttinff of cm bon, oxygen, liydrogen, 
nitrogen, and ncli in pnosphoins, nitrogenized bodies, contnming only carbon, 
oxygen, hydrogen, nitiogen, and no phospliorus; and, third, oxygenized bodies, 
formed of carbon, hydrogen, and oxygen alone The phusphonzed bodies ho 
divides into thieo subgroups, lermeil liephahnea, myeUne*^, and lecitlimes Each 
of these has certain definite chemical characienstics, which he summarizes os 
follows —Tho kephahnes possess tlio tendency to be oxydized, ovydizabihty , tbo 
myelines are not easily changed by any agent or influcnco, and possess therefore 
stability , the lei ilhiiiea easily fall to pieces, they an* afflicted with lability ” 

lie tuen points out tlio ivmaikablo tendency of the phoaplmri/ed bodies to com¬ 
bine 'With other substances, showing a di\ersity of afiimtioa “not ^Kissossed by any 
othci class of chemical comjKmnds in nature at piesent known He shows that 
those affinities are influenced by the amount of watiT present, and by the mass of 
the flubstanco or reagent presented to the brain-matter, so that the interchange *^of 
affinities may prtHluce a perfectly incalculable number of states of (be pliosphonzed, 
and consequently of bram-matter This power of answering to any qnahlatuo and 
quantitatne (beinical influence by leiipixiCAl ouality or quantity wo ma\ term the 
»iSLtQ of lahth 4quiltbiwm y it foie/ibadous on the cbcmical outside the remarkable 
piofX‘rties which nerve-matter exhibits in regard of its vital funclion'i 

All of these remarks by Dr Thudieum point to a field of research w Inch 'Will not 
bo explored for many a jear to come. Jliit iherti can bt‘ little doubt that when the 
chemical statics of the brain liave been accurately ascertained, we 'will bo m a 
position to Studv llie chemical interchanges between tlio blood and tlu' nervouH 
liSFUe >Should tho skill of our phv Biological chemietfl snccccil in nmavelUng thesi^, 
then we will be iii a position to understand at least two difierenl sets of pbonomena. 
These are—(I) the chemical changed wInch undoubtedly take place during the 
occurrence of mental phenomena, and (2) the exact nature (tf the aelioii of such 
substances ns alcohol, narcotus, and the vanous alkaUuds which are known to act 
on the nervous syst(*m, I need scarcely add that accurate knowledge regarding 
the pliYsiological action of these substances'w^ould probably bo of great service in 
the treatment of disease. 

llFSrvnClfPS ON .Sl3NSOn\ iMPSl-SfliONS. 

Ill the second placi», researches intii the physiology of the ^en^os afllird another 
senes of data for the physiologist These researclies may bo said to bo of three 
kinds—(I) inqumes into the anatomical and physiological mechanism of the sense- 
organ itself, such as, m the cose of vision, the general structure of the eye 
as an optical Instrumentj and its movoraents by tho action of muscles, so 
as to secure the conditions of inomvcular or binocular visiun, (2) inquiries 
Into the nature of the specific action of the external stimulus upon the 
fertninal organ of senst», and the (rausmiBsion of tho effect to tl.o hmin—ow, for 
example, the action of light on the retina, and tran^ioiiHsiou along the optic 
nerve, and (fl) expeiinients in which vanotis stimuli are permitted to act under 
ceilain conditions on tho terminalappaiatus, ned the result is obsc-n ed and recorded 
by tho consciousness of the experirnentahst himself, 08 3n resoftrclies on colour, 
duration of impressions on the retina, positive and nogatire, after images, &c. By 
these three modes of inquiry a large number of facts relating cbofiy to the sensee 
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of heftring and Tieion have been collected ; and moat of thetm facta, inaemuch an 
thoj assist him in understanding the conditions of sensory impressions and sensa¬ 
tional effects, are of importance to the psychologist. 


Meabubkmfnt of Timb in Sbnsoby IirpnrssioNs 

Tlie next step of importance made by physiology into tho domains of psj chology 
is the measurement of time or doration in sensational effects* This has been 
carefully nicasured by obji^ctive methods Hpeahing generally, the time occupied 
from tho oommencoment of the action of tho Htimiilns to the termination of a 
sensation may bo diiidod into four portions, each of winch has a certain psycholo¬ 
gical int<‘resl —First, an interval of time is occupied by the piunary pMsicalcliange 
produced by the Bliinidus. During this iiitenaf, called the peri<al of latent stiinu- 
lation. no effect h obwuvwl Thus, when a motor thtvo distributed to a muscle is 
stimulatwl by a &hoit electrical shock, about l-COtU uf a second passes before tho 
muscle contracts Hocond, when the change in tho nerve or terminal organ has 
begim, a second internal of time is occupied in the transmission of the impression 
to the nerre-cimtre, which is succeeded oy a third internal, dimng whitli changes 
occur in tho nerve-centre, and tho nwnlt of which is a 8f*nsation Tho time occu- 

E ied m trananiiasion, or the rate of Ctuiductivity in nene, is tolerably well known, 
mng at the rate of al>out 200 feet p<*r scrond in the nervf s of men , but tho time 
occupied in the profluctum nf tho fUMisation in the centre has not yet been cleaily 
ascertained, owinij to tho difTlculty of supposing such a sensory nerxe-centre to be, 
}jreYiou8 to the stimulus, in a state of absolute inaction Lastly, it has been found 
that when a nervous action of any kind has been initiated by a "stimulus, it goes on 
for some time after the stimulus has ceased l(» act This j>rolongation of the sen- 
wtion may lie well studied in tlie case of impressions on tho eye, where the time of 
tho duration of the inipiession Ims been measured by llelmliollz, Flateau, and 
fithers Tlu'sc distinguished obsi'rvers also found that the length of time occupied 
by tho nftor-cffect yaried according to the intensity of tlie liglit. Thus after a 
w'oak light, the unchanged iniprossion lasts longer than with a strong light. A 
strong dlummation is followisl by an after impn^ssion fading sooner than wdth a 
feeble Btunuliis—the result btung that, bo far as the retina is conceiTied, it comes to 
t)io same thing whether an intense light acta for a bnof lime, or a faint light for a 
longer lime 

FxnArsTioN op Nbevb on Sknsout OnoAif. 


This lino of research baa also made itposadble to measure the time required for 
exhausting a nerve or sensory organ, for instance, a limited area of the 

retina has been stiurulated for certain time, and tlie stimulus has been removed, 
the after positive efp»rt, duo to increased excitation (if the i)iirts, disappears, and is 
followed by a negative eflect, due to temporary diminution of the sensibility of the 
parts, in the form of what is called the negative aft**r-imago Supposf*, for ex¬ 
ample, an area of the retina be acted unou for a period of fivun five to ten seconds, 
ana the stimulus bo tlien removed, the so-called positive afti*r-image vanishes 
qmckly, and the negative ^after-iraago, frequently ot a compleniontaiy colour to 
that of the exciting cause, appear?, and lasts for a short time, gnulually fading 
away as the nervous parts recover from the eflects of the stimulus. Himilar pheno¬ 
mena may bt* obs<»rved in studyin^j tlie durations of sensations of tone, which I 
have frequently perceived in experiments made by myself; but it is more difficult 
to identify, by^dettcnjjtion and desiguation, the after-effects in the case of anditlou 
than In the case of vision. IVobably it may be found still more difficult to notice 
these after sensations in the other senses, alLliough in all there is.often the experi¬ 
ence of a lingering feeling oftor the cause has been removed, which no doubt has 
its place in those transient seusatums which assist in filling up the spaces^ aa it 
were, in our conscious life, 

^ experiments upon a sensory organ, such as tho retina, a little consideralioli 

* In the following obiervationt I am much Indebted to Uio ettayt of Mr. James Sully, 
contained in his rolnme, * Sensation and Intuition' (London, 1874 ). 
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Will allow that it Ib almost impossible to ascertain the effect of a slimulus upon a 
retina winch has never before been affected. This difficulty boa been felt by all 
exporimentorfl. Molecular action in such a structure has l^en iu operation from 
tlie very beginning:, and such action, if of sufHcient intensity, must produce a cer¬ 
tain effect on the conducting-tract and on the recipient centre. This effect, although 
of too weak intensity to pn/duce those changes result in conscioimness, ^m^t 

be taken into account m the menfeureiDent of tho intensity and duration of sensory 
impresmons. Thus the eye has a light of its own due to changes in the retinn, 
nltnough this may no^ er he coTiHCious to us os a luminous iinpresHioii Tids con 
ception of tlie state of matters in a tenninal organ such us the letmnj y\hon applied 
to actions going on in the brain, at once indi(‘ate8 that siniilar ac tioii«, or rather 
that similar states of unrest, of change, \anatiop, and mrMliffcation, are going on in 
th«se deeper piirts which may ne\er result in consciousness, sr, but which alt(v- 
gether may ha^e an biffnenco on our mentnl existence coiopnmlde that of the 
feeble impressions constantly tiansuntU^d to the conOuuni from the viscera, some¬ 
times termed the internal Menses 


Kelatiox bktwfkv Stbi'noth of Sknsation a\d Maomti be of 

HimtJLUS. 

ira\ing shown that sensory impres-ions are distinctly ndated to time, the uext 
advance mode by phxeiohtgists was to pr(»\o that tlieie was a relation between the 
strength of the sensalitm and the mntputudo of the stimulus Here tliere are 
difficultios in explaining w'hat is meant, becaus*^ languagefails. \\ eha\o no words 
to discriminate ideas which hithei’to ha\e related to two distinct fields of know¬ 
ledge—the objeetiie and the siibjectue. To speak of the strength or magnitude 
of a sensation seems to be using terms applicable only m another roirioii, and quite 
inapplicable to psychologieal phenomena, although no »me has any doubt in distin¬ 
guishing llie intensity or magnitude of one pain fiom that of another There is no 
difficulty in understanding the phra^^e-mngnitude of the stimulus A weight of ten 
pounds 13 greater tlinn that of one pound, light from ten candh's of equal size is more 
than that giyen out by one, and the tones ofaxiohn of equal pitch and quality 
vary in intensity according to the pressuro of the bow on the t^tnng. It is 
difficult, howcw er, to obtain an ahsoluto nioasurement of \nnationfl in sensation, 
which IS, of course, a subjoetne phenomenon This can only he dtine by varying 
the objectue cau«e, by (»bserying a large number of iintancos, and by t icpreaeing 
variationH in the subiectiye phenomenon in terms applied to xaiintioua in the ob¬ 
jects u cause If the average result obtained from a large number of instances 
indicates any ratio between the mngnitudti of the stimulus and the flubjective phe¬ 
nomenon, then we may conclude that thore is a relatu)n hetwi^en the two 

Thisnutde of inquiry, first originated by I'rofessor E. II Weber, in Ida cele¬ 
brated experiments on tactile impreasions (and width 'svoui first introduced to 
notice in this country by Professor Allen Tbomft<m\ was afterwards earned out by 
his colleague Ih-ofosstir Fochner, and has been sub*>equeml> elaborated by Professor 
Wundt. It has Jed to various rt*maikable results, the chief of which are (1) 
that in the cose of each sense thore is an upper and a lower limit, beyond which 
tho amount of stimulus produces no appn’cmblo difference of effect; and (2) that 
within this range thore is a definite ratio betTveen tho stimulus and the amount of 
the sensation The upper limit beyond wdneh an increase of external stimulation 
is not followed by any ob8G^^ able increase in sensational effect was first obsen ed 
by l^fewor Wundt. The lower limit has been noted by "many obsoners, and it is 
indicated in almost eyory physiologiVal text-book. Now it does nc^t matter much 
to us, an taking a general mow of things, what tho limits uie, proMded y^ o are sure 
that such limits exist, inasmuch ns it indicates another element t»f proof that psycho¬ 
logical phenomena, so far as sensation is concerned, occur within certain physical 
limits. 

Fbcunbu'b iNVRflTiatxiONfi. 

The next step naturally was to eataUiah tho ratio between tho magnitude of the 
stimulus and the magnitude of the aeneation* To do this directly U impoeaible^ M 
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any e=»timfttioa of the amount of sensational ofTect following a given Btimuliw would 
probably be orronoous, becauw our perceptions are usually quahtatn e and only 
rarely, and never absolutely, quantitative. Fechner recomuzed this fact, and ho 
employed for the solutum of the problem various methods by wluch he measured 
not sensations thomsehes, but the amount of disenniinatne fienflibllity between two 
sensations produced bv stimuli (if unequal magnitudes, and ho studied the ratio 
between the dilFert^nct* of weight and tlu* ab^Jule quantity of the sUmulatiou, By 
vaiymg tho amount of the stimulus in e\erv possible wa\, he eliminates the chances 
of error, and airi\e I at delinito results These results lui formulated into a general 
“psychophysical lawq" wluch may be expressed in Aanous ways. Mathematically 
it may bo put, that “ sensation !ncroa'»es in proportion to the loganthra of the 
Htiraufus.^' Now ‘‘logarithms increase lu equal negroes when the numbers so in¬ 
crease that the increment has always the wimo ratio to the magnitude of the num¬ 
ber.” ft may bo put m another way by Ra\ing that “ the more uitenso a seiisation 
the greater must bo the added or dimunshed force of Btimulation in order that this 
sensation undergo an appreciable change of intonsity ” Tho mode of arriMug at 
some of Fechner's results may be l>etter understood by an expenmimt wliicli any 
one can repeat. In tho case of muscular sensation, suppose tw'o w^eighU, \ and B * 
wo wish to asceitain the least difFerenco between these peiceptibio by the muscular 
sense, say when we lift tliem in tho band Bet it be so arranged that both weights 
are composed of diffenmt pu'Ceq so that the one may bo made loss or more than 
the other at jileoauro If A and H he nearly equal in absolute weight, tho person 
on whom the experiment is made will ludge them to bo of etiual weight Let 
weights he now added to until the diAerence between A and 11 becomes jiorcep- 
tible, and as a test, let the weights bo again remo\ed fiom B until, in sensational 
eHect, A beconnis again equal to B. Let the same expcTimont be repeated with 
w'eights of difleient absolute amount, and it will be found that there is a distinct 
ratio between the absolute weight and the weight that had to be added to it or 
taken from it to pioduce flu* leist peicepfible dilleronce of im]>roHsion, whatever 
these weights may be, up t > the limiUs, of course, wluch I ha\e already noticed. It 
will always be found lliut the additional or siibtiacted weight is one" tliird that of 
tho absolute weight,—a fraction wluch indicates the degree of intensity of the 
stimulus reqmied to produce tlio least perceptible feeding ut (lifler<*nco of sensation, 
and wluch ina> bo termed the constant p)oporftonnV^ of that kind of Hensation, 
This fiaction, in the case of sonsibiht) to temporaturo, Fecliner found to bo one 
tiurd , Rontz, Wolf, and Volkraann nni\ed at the same fraction with regard to 
auditory impressions, and \anous observers haxe found that in Msual impressiona 
it is one huudrodth. 

Now the intensity of sensation depends (>n two conditions —(1) the intensity of 
the excitation , and (J) the degress of excitability of the sensory organ at the mo¬ 
ment of excitation But auppoMo the excitability of tlie organ equal on two occa¬ 
sions, the intensity of the sensation does not increase proportionaUuy to the increase 
of tho excitation That is to say, suppose we bring into a dark chamber a lumi¬ 
nous body such as a candle—it produces a certain luminous sensation, thou intro¬ 
duce a second, third, and fourth—the excitation is double, tnple, or quadruple, but 
oxponmont sliows that the increase lu the amount of tlio sensation is much less ; 
in otheis w^nnls, lot tho stimulus mcrea^e from 10 to 100 times, and from 100 to 
1000 times, the soUHatioii will bo only one, two, and three times stronger. Tho 
impoidanco of tho discoie^y of this remarkable law is, that it shows a distinct 
mathematical relationship between stimulation and sensation. Possibly it may be 
found to ha\e applicaliuiis to other psychological phenomena. Alay it m>t \ary in 
different animals, and e\en in different imli\idual'^ r 

rurricxsM OF Ffcjivlii’h Mkthop. 

It Is quite noticeable, howawer, that, in tho casn of each sense, the law did not 
hold goixl throughout the wh(tle range of variations in intensity of stimulus ; and 
It 19 not surpri nng, wlieu wo consider tho complexity of tho c mdition^ that such 
shouM be tho case. All of these experifnents wore mode in the case of \ isuol Im- 
pressionsi for example, on tho Uung eye, connected by the optic nerve with tho 
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brain; an<l it h raanifositly iniposaible, m haa been remarked by Hermann, ** to 
localize thU relatiooMhip Ixitween sensational elfect and variation m amount of 
fftimulua, whicli has been called the psycho-physical law of Feclmer/^ Between 
the sensational effocl and the first contact of the stiiniiluH there arc n senes of 
complicated pn^covtcs occurnn^ in retina, iicr\e, and brain, process<‘s undergoing 
incewant nioaiJicalion by the inti*rchangea between tliese tissues and the warm 
circulating bLnwl. In \^hlch t)f tlieso does this relation between stimulus and con¬ 
scious state oceiu—in letina, in optic ner\e, or in brain Y The only method of an- 
swenag this question, 8<) for as I know, is to examine the otTects of stimulation 
upon tnese parts st'pnrately. It is manifestly next to impossiblo to do this m tho 
case of the optic ner\o and tho brain; but by the method pursued by Holmgren in 
Sweden, and by I’rofeaw Dewar and mj m‘U’ in this countrY> it can be done, so far 
the retina is coneernc'd In c ariying out this method, I’rofessor Dewar and I 
found that light produced a change lu tho electiical condition of the retina lu an 
eye remo\cd Iroui the head or kept in normal conditnms, and we ascertained that 
the general phenomena of tins change corresponded with our sensational experi¬ 
ences of luminous impressions We were therefore entitled to assume that the 
change in the electiical conditions of tho letma, prialuced by the action of light, 
might be legarded as a phenomenon intimately relaled to those changes in the 
bram which re-dilt in coiiscioiisiioss i»f a luminous impressiou Consotmently we 
hod an oppoitunity of as<*t*rtaiiiing whether 4>r not Feenner’s law agreea with the 
effects ofa stimulus of hght in alU^nngtho elc( tiical condition of the reUiio, and we 
found that it did ho The inforence, therefort*, is that the relation between degree 
or lanation in stun ulus and tho corresponding s<*u8fttjoii of a luminous imprcsaion 
is a function of tho irgan or retina 


Monr OF iNYrsrio vtino tuk SKNbOR\ Oua vn itbi j,v 

I may here remark that this mode of inquiring intij sensory impressions has by 
no means Ixion ethaust<‘d Tlio subjectno method of observing sensational etToct 
under the stimulus of light from re\ol\ing disks, the contrasting of colours^ by 
comparison of auditory siuisations produced by tones of different intensity, pitch, 
and (juahty, is aluays open to the charge that the i exults nia> not be due to specific 
hiatological structuiv of the sonstwirgon, as ih almost in^ anably ai!<sumpd, but to the 
structure of tho red men t of impressioitefrom the sense-organ, namely the bram Tho 
only way of prov mg that the ellecls are due to structural poculiantu^s of the flonRe-orgnu 
is to examine the effects of stimuli applied b> tho soiiBe-orgaii separated from the brain 
by some method the same as or analogous to ours. If in these cncuiustances the 
aense-organ gnes results similar to those observed m the phenomena of conscious¬ 
ness, then wo may assume that these results are due to ^eciffc peculiar!ties of tho 
sense-organ, and not to the brain, If, on the other hand, the results do not agree, 
then we must look in tho bram for the meohamsm by which these different re¬ 
sults are produced. Thus I haAe always held that, as there is little or no histolo¬ 
gical eMUence of complexity of structuie iii the retina capable of accounting for the 
theory of Thomas Young regarding the perception of culours, or of the facts of 
colour-bhndneas, or of the sensibility of different zones of the retina to lights of 
different colmiro, we may ha^e to look to the complex Htructure of the corpora 
quadrigeraino, cerebellum, or some poitioii of the cerebral hemispheres for on ex- 
pknation of these facts It may be obiected that such scepticism simply removes 
the difficulty a little further back j but I think it better to search for facts than to 
be content with an lirpothesis, 


f'oKoi.i wnv. 

Time will not permit mo to discuss other ro^oaK•h^M in this field of inuulry, nor 
the intoresling flpi*culatious which have sprung from them, but 1 think I nave swd 
enough to flhow the line of adAance in this diiection. 

True it U that apparently the phyeiolcyioal caunation of manv mental phenomenn 
may in its prociso namre, luaccessible to direct proof, but it la our duty as 
physiologists to push legitimate research as for os it will go. I would remark aUci 

1870; u 
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that jaueh rn (‘arc ht't* aro not incompatible with ihoae npiritual idcos^ matters of 
faith and not of scioncr, whlcJi are the basis of our mort chenshod hopes They 
doinand, ht>wo\er, caution m the scrutiny of facta, and judaTiient in drawing con- 
flusiona from them More than in any other kind of scientific labour, perhaps, it 
i? of the utmoHt jmjH)rLance hero to keop the mind unbiosflfMi —n task by ho means 
easy. To maintain a calm unpreiudiced attitude to inquiries which seem to demand 
a chango of opinion regarding wliat was suppotted to be final, requires an efiort 
which varies in diflforont peisons. 8(uue find it eomparathely on«y to do so, while 
others succeed only after a 8e\oro struggh* iStill it is the state of mind which a 
man true to science ought asjnre to, so that while he will not be blown about 
by e\erv wind of doctiine, he may be reatly to accept what is apparently true when 
he has had it cleaily put before him 

In conclusion, let me ubserie that it would sa\e not a hltlo heart-burning, and 
might posflibly jomo^e acniuony fiom \ainms w lentilie and social control ersies, 
ciuld We only leiuemhor that it n not \cry piobable that we, in tlin ninoteouth 
frtntniy, hmoarn^tsl at the hiial solulion of many ])iobhMU'i which hn\o puxsled 
wise men from the earhe4 times. I’rohably we have got nearer the truth ; but it 
in presumptuous to suppose that we have reached the ultimate truth Many hypo¬ 
theses much in fav our at present may turn out to be luadequale HtiU if they 
serve as stepping-stones to soniothing better, and to more rational conceptions of 
the inystenouH pheutjinenft alnuit us, they will have done good seivice. In the 
mean time it is our duty vigorously to piosocute losearch in all departments, push¬ 
ing ahead f(‘arles.sly and with that enthusiasm which is the prime mover m all 
great deeds, eo that wo may bo able to transmit our depaitment of knowledge to 
posterity not only less burdem'd wulh error, but vvitli many additions of truth 


Botany and Zoology. 

[For Profet?Bor Netvton’s Address, see page 119 ] 

NoUa on the PcmHanecr of the Afascarene and Seychelles Islands, 

By I. Bvtlbt Bvlfour, Se , D , 

The genus Pandanns (screw-pine) was shown to have a general distribution 
throughout the tropics of the Old World, and to reach its western limit or the east 
coast of Africa. It is very abundantly represented in the islands of the IndUn 
Ocean, and more espocially m the Moscareue and Seychelles Islands. 

Altogether It) species nro definitely known from these islands, and it is possible 
that more may exmt Of these species Mauritius includes 11, which are all 
endemic; Kdunion bos 3 peculiar species, and perhaps a fourth one may 1^ recog¬ 
nized , in Ilodnguez only two sjiocies, both endemic, are found; whilst the Set* 
cbtilles group possesses three such species. In addition to thoso which aroendemiq. 
a Modaga^ar species, P is generally cultivated for the sake of its leaves, AUd 
P. odoratisnmua^ of Kastem origin, is also found. 

The difHcullies m the way of the diagnosis of species were pointed out from tha 
scantiness and imperfection of the material as yet sent to this oiuntiy. llie Isavst 
afford very little character, and it h from the fruit that specific mstinctions art 
mainly obtained Hitherto the slignma have aftbrdod the chief characters; but the 
author showed that many important diagnostic marks might be obtained from the 
endocorp and its relations to the incsocarp. 


On the Evolution of Sex in the VegeiahU Kingdom, By 0. 8. BoriOKB, 

This paper was an attempt to illustrate Mr. Herbert Spencer’s law of inortasiag 
heterogeneity by the various sexual processes in the yegetable kingdom. Mentidn 
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having bnen mmlo of tlio probably asexual ProtoplijUi, Thwaitea’ identification of 
conjugation 'with reproduction propt r, made m 184^", was meuturned, and a sum¬ 
mary jgi\en of the sexual clnsaiticafion of the Thallophvtea proposed by Sacha 
fLehrbuch. 4th edition) and adoptt^d by ProfeSflor D)cr (Qimit Journ Micr Sci.)> 
in \\bich tlioy are proupeJ asProtoph^la,Zjgo=^poreic,OoYorefo, andCarposporc®.. 
The t^pes ibiu/o/i/m, Me^orupus^ and Pwloythcr) n -^;^ere taken as indi¬ 

cating sexual ImuMtion between these gioups, and Sul hs doMciiption of the essential 
nature and elwiionts ot sexual repniduction quoted. I’he diflereuco between the 
sexes*na manifested previous to tlio ft>riiiation of the elpmcntnl ^sporni’ and 'germ* 
cells was then tratea m the various gioups, being greater and nianifosted earlier in 
the more highly organized groups 

(Julogomtfm, 1 ui, PAyeonu/rrs, fVfocArWe, luid yemahon vero alluded to 

iu this connexion, nnd folloNMiig tlio ]K‘digreo sketched by Sachs (Lehrbuch, 3rd 
edition) the ^set'otubny sexual organs'weie traced through tho Flondesa to the 
aacestnil Cormonhyto and to the ' heteroMporous J'teiuloph\Ui,’near to which Ii6 
places tho Cjcadeic, tho lowest type of PliHnerugam The Jioinology b<‘twoen the 
sexual organs of Phant'Togams mid Ciyj.togains was jiomtod out, and Hildebrand’s 
claesltication of the sexual arrangeinoiils oxplnuiod 

In this couuoMoii the tcuiis ‘apdtiHoruus’ (open-flow erc<l) in opposition to 
* r leiste>gouous/^ approximate,’ and * distant,’ with authors near to or remote trom 
the stigma, nnd ‘homostjha,’ were proposed by tlie autlujr for adoption It 
xvns then attempted to base tho pbylngciietic niiangemcnt of sexual forms (the 
chief subject oi tbo paprr) ou tho liw (f economy of nutiition, the odvan- 
tageou'^noss of (ro'^s-feitili/ntion juodiuiiig duet ism and xanous intermribate 
stages Irom nil original hcrninphroditisin iMrccism was tu^t traced through 
nionoedsm and monoecious pohgamy, and a rei orting sport of 

Bcqonia fnqu\ii being quoted The durrisin of the Knghflh holly hna probably 
been reached fiom dicx'cnnapolygamy,ns in tho Aineuean forms, through onintcr- 
xnediate mouoocism , and the monoijciousl) or tiucciously polygamous genus Caia* 
points to tbo oiigin of tho latter foim iiojn tho fmmer piobably tbroujjh an 
jutormediato dia'Cious polygamy Himnsni maj possibly arise also from dimor- 
phiftiu, which may bo monoecious,as lu Dianthua(HttyophyUus and D pluinamu^ or 
uiipcious, as in sonio Primulas 

Dimorphism probably oiiginates in Miueiiato’ stamnis, tiimorplusm in Hn- 
senato but tbo ditccious dimorphism of Lythnm thynihha would seem to arise 
from tnau lous lrimor)>bism by suppiosaion Among the Oompositio tho transitions 
nr© easy from tlm ^ equal poll gani> ’ of LmnrouH, through ' BuporfluouB polygamy/ 
to * fnistroneous ’ ou tbo one Inuid and * necessary ’on tlio other, from cither of which 
nioncBCisni and dioccisni may arise, as in Cardnm arrrwsis, Petasitei, und Antmmna, 
The variety, Increasing complexity, and homology of the sexual arrangements, the 
abundant links, and tho abhoirence of the sexual union of nearly related colls are 
the theme of the whole paper 


Tivo MonBtiy)8itm c/3Intricariu inodora. 

By Professor AtBXAVDisB Dicfcso}?, MJX 

Ist. Whore the doieta of the capituluni were replaced by stalked secondary 
capitula, eomo of winch were in turn ugiim similarly compound' I'hat tho secondary 
capitula roftlly resulted horn Ira unformed llorots \viw luleresliiigly shown by the 
presence on tho stalk of many qf the outer secondary onjiitula of a ligulate corolla 
with its base embiticing the axis 

‘ind. here many of tho tlorets of the ray present^ a narrow ligulate lip dirodiAd 
inwards, theso intornal lipn conniMiig iimro or iea." our iLo ccntial disk. At fimt 
sight this Duonialv seemed lo simukto tho condition in ConIpo*^lt® Labiati^ttt t 
but 10 far as Dr JlickMUis exnminntions as yot went, it would appear that tto 
mailer lip was placed laterally to the normal lino of non-imion of the ligulate 
corolla, and therefore was not a mesial stiucturo compressed lo tho inner bp of the 
floret in Labiatifiorre. 


14 * 
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Laticiferovs Camih in /'Vwi^ 0/Limnocharis Plumiori. 

B\j Professor Vlexat^ber Dtcksoit, 

Dr Dicksou Hhowed that uuusually largo laticiferous canals could easily be 
demonstrated shtnmg through the epuleimis of the flat suifaces by which the 
numerous carpels are in opposition to each other. 


On Oie OiCinivnci In It eland of Nuphur iutormediuin, Ledeh, 

B]i A. G JfoRr, FLM JIJ A. 

Whilesta^mg with M>ine ftiends at Croiuhui, in West Afenth, I noticed on the 
borders of a small ^hallow lake, on peaty ground, Home waler-hh leases which at 
once drt'w attonlinii fntm tlie ‘iniall mi/o ot their h‘a^es nud ('‘*pecially with thoir 
basal lobo^ standing npait 01 ^\idflv apart ^fy tnend Mr PreMon Dattersby, of 
tho Po\al Arlillen, nio^t kindh instituted a done seaicli, and succeeded at last lu 
lindinjj one blonsoni, Irom wlmh, together AMth the hMues, 1 ha\e b*'cn enabled to 
identity tho plant ai NnpJiat tnf<i nii<htnnt Ledeh, \o\ ^ SjHnmenanHm^ of Hart¬ 
man’s iOth edition of tho ‘Handbok 1 Skandinaviens Flora’ (t^tockholni, 1B70), 
vol. I. p 80. 

Our plant is also, I presume, identical with Dr S 3 mo’s so-called variety minor” 
of Nuphar luteum , but the stigma of the single flower gatliered has 15 rays. Shll 
the characters of tho leaf bring it rather nearer to a ar. Speunet tanum than the typical 
form of Ledebour’s xntet medium. 


A. G. ifoRr, F.L*S,, exhibited /nMera naiirt fiom Curnarvonshire. 


Professor W. II. M‘NM D., exhibited Choreocholax polyfdplionu^^ Heinsch. 


NoUs on fTiC Shnaiurc of the Leaf m different Bpeeles of Abies. 
By Prof W IL M‘Xvb, M.D. 


Oil Clreauutfe Virnation of Sphenoptena nfflnis from the earliest stac/e to 
completion^ and on the discoveiy o/Staph\ lop tens, a Genus netu to British 
Rods, By i \ AV, Peach, A 

The author stated that h(* had found Sphenoptens apnxs in black shale at West 
Calder, near Edinburgh, m circinimte vernation from its earliest state to tho com¬ 
pletion of tho plant, and thus had an opportunity of seeing tliis beautiful fern in 
all its vanous stages of growth, showing tho many 'variations it assumes and from 
•which, when so found, no doubt soverol sjiecies haio been made. 

It is rather plentiful nt West Calder, Siateford, Burdio House, Burnt Island, and 
other places around Edinburgh , he, however, hod not found it in circinnate verna¬ 
tion in any other locality than the first mentioned 

He next exhibited and dewibed speoimons of ^aphyhpiens^tAm from West 
Colder, and said the plant was a new genus to Bntish rocks; that ho had met with 
it first spanngly in H74, and in tho present year in some abundanco there, 
espGciall}" in one slab. It is somothing like Staphyloptcris Wortheni of Leo 
Jjesquereux, fi^td in \ ol. iv. of the Geological Survey of Illinois, from tho shale 
of the imbcoiiglomerat(‘ coal of Arkansas it, however, differed from that species, 
first, in not showing like a star around a centi’al point, in having no sporanges; 
and the flower-liko parts instead of only r&diny o»,” ai*e nctuallyaUached 

in pairs, hanmng in a drooping mannei, to small hiauchea As well as the 
one mentioned, he strongly suspected that he lias another species from the saniH 
locality. Several species nave been found in the rocks of Arkansas j all, however, 
differ irom tlio Bntish one. 

The author expressed his obligations to Mr. B. Etheridge, jun., for first calling 
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hi8 attention to the American work, and to Prof. Balfour for liw kmd notice in the 
* Transactions of theBotamral Society of Kdiiiburprli/>ol atn part i pago 170, both 
proposing that it Bhould boar the name of the tinder lie thought it right to 
state that wlieieior lie loiiiul ^tnphyloptcf tlio Sphiwpfe/ n more or lesa 

accompanied it, howoior, the lattei was most often found Aviihout ^Sfaphtflaptens. 
Ah well as at West Calder, !^taplnfJoptrm has bet n found ut SlnU*foid b> tlie OtEcers 
of the Geological Sur\o\ luul by Mr D J Blown nt Stiaition, all near Kdinburgh, 
and all in the Cnlciforous Snndsteno Heries 

A large eoiicfl of and SiaplojhpUn^ wi^x^ ovhibited b\ the author 

with drawings for illustration 


On some of the l^lnfsiohujiud and Motjdudotfual Features sau tn the Plants 
of the Coal-Mea^nrtif, Jhf I'rofessor W, C. Willi musox, F liM 

Proceeding fioni tlie sluiting penni of the fuels locoidtd in the roinmunication 
made to the Gcologunl Setlion *, the uuthoi hiought liidoie tlie Biological Section 
some morphological facts lie showi d that i \en in \oung twigs of Ltpiilodendron 
the bark consulted of tlnco mi> distinct lajern, m/ —an mnei ptuLuchyma, a 
middle prosenchjina of considernblo propoitioiuile ihirlinc"'*, and an outer paren¬ 
chyma of whuh the leaves wue evpnu'^Knis The inuenuust poitiuu, the inner 
paroncbyina, certainly n presents a plane of genetic ndnilv, along winch the 
multiplying cells add new la>eis ot ve'-scls io the extenor of the vawular cjUnder 
on its inner auifaco, it nppaientl} iiuieaNfs as the iiumbci of paieiuh^uialouH 
cells in the oppoMle iliuctions h\teiiially to this paienchvma is the pro^enchy- 
luatous la)or, into which the inner pnreudiinia pa'sses aouiewhal giadually, but 
which outwardly liecomea a modified mohs of ])roseuch)nmtous iibre, composed of 
very long and narrow prismatic <'el]H At the liist glan<e this layer looks like a 
pbellem oi corky layer, but itn origin is a difforeut one. Its gemdie plane is at ita 
outer flurfaco, instead of occupying the position of the phelh»gen of living barks 
The cells at this point Ix^como elongated radially into long fumform ones, which soon 
become subdivided by a rcg'nlar senes of vertical cell-walls, all ot which aic parallel 
to each other and to the exterual surface of the stein Substxjnently lach ono of 
these parallel C(‘lls bcconu*!* irregularly subdivided into a (hitter of cells, the 
partitions of whuh are vortical to the pnmar) semes In this imumer, apparently, 
additions arc made on the inner side to (heprosenchyniatousluver, and on the outer 
ono to tho subepideiinal parench)inn It thus beeomos evident that the bark of 
each of tho Lepidodeudroid stems po«sL*s<is two parallel planes of genetic activity. 

It is obvious that CalamiUs certainlv p»)s.sos8cs tho iniu'rnio^t of these genetic 
planes; and os tho author's aiborescent bpmmen exhibits no indicatmu that the 
second or proftenrhyninU>u8 layer has been increased from witliiu, it becomes more 
than ptobnblo that wheu jet mor<‘ peifect spocimons aro discovered tho second or 
outer genetic piano will be found to bo identical in all respects with w'hat is seen 
in the Lfpidoaendra 

The author concluded by calling attention to llicfact that amongst a lai'ge number 
of the coal plants their most specialirod and (baractenstic t) pe features wore brtt 
seen in their young state, the advance from youth to maturity Iwing one from spccia^ 
lized to generalized tonus, the result of which was, that tho author found it Eumost 
impossible to identify detached fra™ontsof wood or bark, and hence he regarded 
all attempts to establish genera and species upon sucli fragments ns absurd. 


On Oiijantic Land^TorloUes tnul a FresJuvaiee Species fmn (he Malieu 
easternsi wU?i observations on t?uir FosstI Fauna. Bi/ A. Lsith Ajiius, 
Professor of Boy id College of Science, Duhhn. 

The author exhibited and made a few obeorvations on bones of gigantic tortoUea 
collected by Adniiml Spratt and himself in Ibe Maltese Caverns. 

During the five years he was engaged in exploring the rock-cavities <rf Malta, 

♦ Suprh, p. 08. 
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wnongr other fossil remains, ho disco'vered soveral fragments of bones of gigantic* 
Chelomaus, ono of which rivalled in dimeiifliona any of the recent or extinct epecias 
hitherto reported from the Maacareno and Galapagos Islands The remains were* 
found in conjunction with bones and teeth of the dwarf elephants and gigantic 
dormice; and whilst reiiiaiufl of the IVolxistidiaua and Rodent'i ■were extremely 
abundant in certain rock-cavities he examined, and the Chelonians were also well 
represented, it was a noloworthj fact that no traces of htrge Carniiora were met 
with This absence of tlie older, evcf pting the tooth of a small CaniA, he supposed 
accounted for the presence of the lurgo helplo'^s lortoibes, as ohlained also in the 
Galapagos and annie Island^ 

The largest ol the Glu'hmiiuis n\ailed iii dmu'nsioiis the Te^tudo (Uphantopna 
and Testttdo rphppuan^ and shoA\ed floine aillnilies with the latter, but was generally 
diatiiiguishablo from any recorded speties from those islands hv a marked robustness 
of the bones, on which ocumui ho proposes to name it Testudo iohuda A smaller 
species, dielinguifahiihle tdso, moiphologualh, fiom the pitieding, he proposes lo 
name after Admiral Spiatt, whilst a few hones of a small freshwater tortoise were 
indistinguishable from the haine paits of the Lutfemys exnopo'd^ which is still not 
uncommon m the south of Jairope and in certain is)finds of the Mediteuant'an 

The author woe inclined to believe that the Maltese-cavein fauna belonged to a 
late Pliocene rather than a Phustoc t ne pciiod, such as that evhibited by the Sicilian 
cavoma, to wit, the Caves of Paleimo, and liiat, although the ]hppof)otamu$ JV/it- 
landt ond smaller forms are both repiesentcHl lu Malta, Sicilv, and Crete, the absence 
of tracoa of the dwarf (dephanta and gigantic dormouse in tlie tw’o latter situations, 
and the proseneo of the ILfcnui ctoada^ Elephis anUquus^ and largo Ftlidoi in Sicily, 
aeem to point to faunas of two different < p(H*hs Indued, in the cose of the MhUoso 
depfisits, it w(iuld apjiear, in some luatanees at all ovenU, that tin* animal remains 
of the fissures had h< en del nod from ohler beds which weri‘ broken up duiing the 
submergence of the nn a. Hut us the ^Maltese rocks w^cn^ j\lioci'uo and the upper¬ 
most had beeu supposed to ii.dicati* the presence of Pliocene Iiucrtebrata, it was 
clear that the red sod aud clav w Inch formed the matux in which Iho aboxe fiinnial 
remains w(‘ro found, in the ro(k lenlM, could not bo moie ancient than a later 
Pliocene, 

Ho strongly lulvocated further oxploiaiiona of the islands ot the Mediterranean 
in quest of fossil roraains, aud slatca that there was still much to be done in Malta. 


On the Arenaceous Fommuvfera colheUd tii the ^Vnhiotis ' E^riiediUor^ 
Dr W 1] Cahplntkb, f\B ^ FF S, 


Further llesearchcB on the NetvoJS System of Antedon rosaoeus (Comatula 
TQsaccaf Lamh,) By Dr W H CAitcLivriK, C B., FJtS, 


Eenuirks on the Anatomy of the Arms of the Cnnoids, 
By P. IIkrbfrt Cabpkntkr, B,A, 


On Dolphin us albirostris. By D. J, CcxyiNOHAM, M,D. 


Experiments on the Fot mation anfl Growth of Artificial Silua OelU* 
By Prof. Ferdiuamd CoHif. 


Spoxd^neous Evolution and the Germ Theory, By N Cabhioharl, 
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The Biological MesulU of a Cruise in * Valorous ' to Davis Strait in 

187^. By J. Gi/eTN Jeffhbts, LL.D,, FR,S. 

^ A preliminary Report on thia subject was presented to the Royal Society, and 
has been published m their * Procoedinfjs/vol xkv p 177. The author ga\e an 
account oT the voyajro (winch was uudeHakon by him in con^iequenceof au applica¬ 
tion made by the C/Ouncil of the Hociety to tho Admiralty) and of the biolofrlcal 
results, more espoeiallv with rcHpcc’t to ;»-oo^r iphical distribulmn and j^'eolofrv The 
author treated of the ^lollusca, aud Proh^i-sois Allman and Drnicon, Or APIntoeh, 
the Rev A M Norman, Dr Parpenter, and Piofos^jor Dickie contributed noticoa 
of other dopartnicnls of the nmiiuo fauna and dmn 


A Double DiLmnm av Dct) wuxum. By tho llov F. 0 Morbis. 


Notes Oil Oteanu Diposits (tad thar Ongm^ hustd on Ohsa lat^ons made on 
hoard II M,S, ‘ ChuUtngct ’ By Jonv Mukrvv 


Oa the new la the Hunter tan Mubcina By Prof J, You>o, M.D> 


AniTOUI AM) rniStOLOOl. 

[For Dr M'Kondnok'jj Iddre^^, soe page 120 J 

On the Development of the Pt uio-Vertehrer ta Ela^mohnnuhs, 

By F M RtLFoi ii, B A , FAlotv of TrtnHy College^ Candn idge. 

The UK'fioblast in Eljwniobiam lis aiisea as two imli pendent plates eat li of which 
becomtfl dnidod into luo layers, a Moumtic aud a splanchnic In the dowal paart 
of each plate a hodg'' of tianbv erso slits aiisoH, whu h bin \ os to dibtinguish a dorsal or 
vertebral portion of the plate from a \entrul or ])uiietnl. A cavity la next formed 
between the two kjers of the plate, whHi m continued quite to the bumnut of tho 
vertebral part Still bitor tho segmented \prtobi)il pint ol each plate, with iU en¬ 
closed cavity, liecomcs separated trom the parietal part and farin'^ tho musele-plates. 
Each ol tUeao is a somewhat rectangulai bvid^, toimed of two lav era, enclosing 
betwoon them part ol the original body-niviiy Tlio inner of the^e two lav ers soon 
buds off cells to form tho ludiments of tho v ertebral bodies, and itself k trans¬ 
formed into longitudinal muscles, tho outer kver of tho inuscle-plato becomes con¬ 
verted into muscles at a considciably latoi jM'nod 


On the Changes rn the Circulation whtcJi a7*e inluced when the Blood is expelled 
from the Limbs hy EsmarcEs Method By 11 (i. Brookk, ZJ vi (Lotul,)^ 
anti E O Horwoon, DA, (Ovon). 

Tho authors staled that the ob]ect of tho evpeumt nts wan to obseno the pulse 
during and tho expulsion of blood fioin the limbs IJiuliby voung men were 
expi^riinented on, luid the e\p6nmenfe were made otio or two hours after a light 
iiieaL The pulse was counted with the aid of a w^atAi, and its form recorded by 
means of the spLygmograph. The jierson experummted on was stnppcd and recum* 
bent Normtu pulse-rate and sphygmogmphic movomouts were recorded, and 
afterwards one leg was bandaged from below upwaids. During baudaging, poise- 
rate was observed, and immedlately bandaging was complete further sj^ygmo- 
^mphio tracings were taken. This was repealed with the other leg. After a short 
ume ^th bandages were suddenly lot go, and at the same instant pulse-rate a&d 
sphygmogTftphic movements were again recorded. 
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A6 the result of tlioir oW^rvatioiis, iLo authors state tkat— 

1. During baiidagiDg of tlie lirst loner linib, tho p»ilse-rate incrensee, and after¬ 
wards (generally after a Aery short interval) falls to about the normal. • 

2. During bandaging of the second lowei limb, the pulse again quickens its pace, 
returning (umost to tlio ncriual, but fl{)metiines remaimng n few beats aboAe the 
normal, 

Jl. AYhen bf>lh bandnges nro middenl) let go, tboie is at once a marked 
acceleration of pulse-rate, but of buef duration 

The autliors ^nut out the changes which Imidagiiig and luibandnging inutit haio 
upon tho disposition of tho blood in the circulating HA'^teiu Thus, on bandaging, 
the arterial blood is drneu from the limbs bandaged into the aiteiuil sintem of tho 
trunk, head and neck, and uppei extrennlies, laising the piessure all oi er llio sj stem 
while the venous blood, together with tlie hmpli, are iiKo diueu into tho lost of 
the body fium tho coiupuc^t-od Innb'^, bni nio oni\ able to nlh ct the pit K^^uie m tho 
trunk, litvid, and neck, being excluded by \nfves fnmi tli(‘ uppci evtioimties 
Hence the gtmoml Aeiioua pressure amU have a relatiAol^ liugtr n^crentfe than tho 
general artenal prcssiuc 

Again, oil uubandagiug, the ai tonal blood ruslies doAvn tlie lowei limbs to fill 
the previously oblitenitod AOtsels, thus diniimslnng tJio gcneial pie^suio of tho 
arterial system, Avhilc no such icdliiv of Iho veiioiis blood is possible on account of 
the interposed a ah es of the a eiu^ lie nee, while the aiterial piessure is diminished 
suddenly, tho Aonous remains, ibi tho inouient, as it was, that is to wiv, ihe gcncial 
Aenoua preaeuro will eAt>eiicuce a rclaliAcly less diiuimition than tho general 
arterial pressuie 

Now, comparing tho conditiouH oil haiidaging and imhnndagiug, it will be seen 
that, tn both ccifcs, the iiJabio thjfeii'iice m)m(dhi ending bettveen mtotal ami imotis 
jyremnea on ihe tno (^uhs of thelieatt u lUmutished, on bandaging by approAiinaliiig 
the venous to the nitenal piessuie, on unbandaging by approximating the artenal 
to tho venous pressure May wo not, the authors suggest, seede in thw coinculenco 
of conditions an explanation of the somewhat unexpected similanty of efttct on 
bandaging the lower limbs and on loosing the bandages P 

In the coui*He of the di^^cussiun which follow^ed, Professor Kronecker, of Jxdpssig, 
polluted out that tho addition of a largo quDiilitA of hnipli to the blood on 
bandaging, by allonug the coiuuosition of the blood, might well be supposed to 
affect the heart's rate, since the heart is now known to be Aery ticnsUive to qualita¬ 
tive changes in the fluids batliing it. 


(hi (he Morphology and Histology of ihe No vous System of Antedon roBaceus 
(Comatula rosacea, Lamh,), By Dr. W, B. Caupenteb, 


On a Hypothesis of the perception of Articulate Speech, By Dr. Cabseixs, 


On the Morphological Relations of the Lower End of the Uumtrus, 

By Professor Cleland, M , D,y FJt,S* 

In this communication it was pointed out that ihe torsion of tho humerus spoken 
of by more than one writer has no existence in nature, and that the hmb is deve¬ 
loped m its morphological position. While the radius is morphologically nntenor 
to the ulna, the antonor, posterior, external, and internal aspects of the humerus 
have morphological relations exactly corresponding with those names, so that the 
flattening of the lower end of the humerus is not a commencement of the expansion 
which results in two bones in the foreanu. The ladius docs not belong to the outer 
aide of tho humerus, nor the ulna to the inner side; but the radius is in front of 
the bumems. the ulna behind it, and the limb is in its morphological position when 
tho forearm is in semlpronation. 
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On it I/i/ihocr^t?utlic and on the Diqdictttf of the 2'ewpoi*td JRid^e. 

By I’rof, CLrLVMP, FUh, 


On the Spimtl Xeivon'i of the Ceiacut Btf 1) J. 3/2)., 

^aiiot D< uwnstrato^' of A^uitonnjj Kihnhunjh Untve^taty 

At tlici outset of uiy ms osti^tKUis into the niiatoniy of t ho spinal iiersoiis system 
of the Cotafoa, I endear oiiied to d^•'Co^L•r whotIn*rauy nuntuiuist hnd deHcnbod tho 
nnaniremeut of tluf-o Tier's rs This amis no cass mailt r, &o little had hem ■written 
on the subject JI Itnpp (‘Diet Vtaeeen/Stuttgnit, statcH that, “with respect 
to the com so of the spinal ncr\oa (of tho Cetacea^ theie nro no rosearchoaand 
Stnnmiis (MjeliThnoh doi A rrglcicheiulen Auatoiuic/ Z'sveitcn Theil, 184(1, p SOJ)) 
ainiply meulions that “in tlm Dolphin a nei\o-triink pioioeds out of the lunibar 
plexns, tho hnmeljCH ot n Inch are intended for the imnchs of the rudimentary 
pelviH, and for the oKt^rnal p'cnital oipnim anti tlu u inusrlrs, ns woll ns for tho 
remon of tho anus Indeed it was not until I hod hnishod niv investigation that 
I discovered that Swan, in Iho “ Tahlo of Contents ” or Introiliietion to his work 
upon the ^Comparatiio Anatomy ol tlie N<iious S^stnin,’ published m 1835, 
gives aslioit art ouTit of the w liofo l(‘i\ ous‘^v‘'tern of tho porpoise I believe, 
nowG\er, that br'^idcs extending bis acrount \ei> mateiially, I am abb* to give 
additional results, and 1 have tahrn rmc to have nil my dissections illustrated by 
dra'wing'f, whilst he, with hie v^caUh of platos of the nervous of othepani¬ 

mals, does not give one of the neivous svstem of tlie Cetacea 

1 may mention that the follow ing results arc derived from the dissection of four 
nieinbei’s of the Cetnirnii gioup, \u lime poipoises and one dolphin* 

Spiml The spinal cord is surronudeu and supported on nil sides by the 

dense rete imrabile, which mav be looked uivon as pcifuimiiig a threefold function 
(1) it oonstitnlos n soft pliable packing material, by means of whicli tho coivi ia 
protected from s]) 0 (k^, (J) it maintains a uniform wnunth Riound tins important 
and <lelKalo iiei\<ias c< iitro bj keeping it constantly bathed, as it were, m w^nrm 
arterial bkiod, (3) and lastly, is Piofes«or Turner has pointed out ^Trails lioy. 
Soc Edinb vol \\m p it f.ubdivides the aitonal slieam, and eiiufllizaa its 

force betoie it icnches tho brain and spinal coni 

In the porpoise the spinal coid extends from the lunrgm of tho foiameu magnum 
to a point conosponding (o tho interval between the (>th and 7tb hiinbo-caudal 
V ortomic, and opjjOHito to tho foramina ot exit of tiie ‘27th pair of '*pinal non es It 
presents two enlargemeiilH—one in the ceivical, and tlie other in tho lumbar region. 
The former of thesu is conm*cted with the nerves wInch go to form tho cervical and 
brachial plexuses, and tho latter with tho nerves which supply the genital organa 
and the muscular apparatus of tho tail, lletvvcui thcc^o cnlnrgeinciitH the cord la 
of uniform diameter, and the lumbar swelling taper*? away m a lusiform manner 
into the filuin temimalo 

Boots of the Nei les —Tho diiection and length of the nervo-roote and tho 

«*o and position of the ganglia vary m tho different regions of tho spine 

The nerve-roots which proceed notn tho cervical and lumbar enlargeinents of 
the cord are closely crowded together, whilst m tho dorsal legion they are placed 
at considerable mtervals from each other. Those arising from the lumbar swelling 
orn very long, tortuous, or curly, loo^el> bound togethei bv lax connective tissue, 
and they constitute tho caiida (x^mnn. Then |Tasa diiectl) bnckwaids to reach 
their respective fornnuua of exit. Tho dorsal and cervical nerve-roots are much 
shorter, and tho former arc directed outwards and backwards, w^hilst the latter, 
with the exception of the first three which pass directly outwards, take a course 
outwards and forwards. 

In bU the regions the superior nerve-roots are emallei than the inferior—thus 
constitudng a marked contrast to most meinmals, in which the reverse of this 
armneoment holds good- Nowhere, however, is this difference in size so marl^ 
as in xhe cauda equina, in the last non es of which tho superior root U half the sue 

* A ) 0 ung ■pecimeu of J}» allnrostns Proo. Zool, Soo. 1876, p* C79). 
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of the lofenoT, and m eomo places so dehc vto that when atiipped of the loose con¬ 
nective tissue which surrounds it, it rcsumblcs (m the pirpoiae) u fane thread or 
hair From this fict wo mu^t not oonolu le that sentioncy is dull m the TeUrea, 
for as the nnimal taptrs towards tho tail the amount of akin to be supplied with 
sentient fibres is smill in ronipmani to tlu hu^o muacular ina^iSis to he supplied 
with motor filamenta Tn the ciivicd, dorsal, and upper lumbar lo^^i nis wlure tlio 
cutaneous surface is t vtt nant the biipoii r nots attain a sue onl} slijfhtly smaller 
than tho infenor roots 

Serves —In the luiubo caudal repi m of the vei t(.bial column of a porpoise 
or other cetacean, tho lutt i veitebral firtmiiia coirenpond to the lutcrvabi oetweeu 
the lamina) of contiguous \(i tebi o, and consequeutl} lie on a highei honzontal 
plane than tho transverse proce'^sts As wo appioach the dorsal Up^ion, howeior, 
a rudimentary podiclo begins to show ilselt, and this becomes mire and more 
marked as we pass on towards tho corxieil region In tho eervieal and dorsal 
regions, therefore, the inti rv< rtebral foi imina occupy a more \enti vl plane, being 
Situated between the pedicles and infenn t> the tiati«\frse pioces'^cs It tolloi\8 
from this that tho lemoval of the greit 4 \t ns >r miisele m tho lunib i-cnudal 
region displays the wholo ««pmal nerve issuii g liom the si mal canal, whilst lu tho 
dorsal and cervK ol rogiona it only exposes the supci lor aw lyiuna of tbi so nerves 
passing upwards between tho pedicles 

Certneal Ntrve^ —These are eight in number, and, owing to tho fu'4i n or close 
opposition of tho vertebiEO in this logioii, they are cl:>iiely crowded together Each 
nerve divides into a superior and lumnoi divisiou The suponor divisions supply 
the muscle and skm on the superior aspect of the nock, and are m some cases (e f/ 
dolphin) joined together by communicating brineht s which lio cloae to the vertebrae 
The first three of tho inferior divisions ] nii U^gothor, so as to form ft ceivical plexus, 
whilst the remaining live, together with the first dopMal m rve, and in some cases a 
small twig from th4> seconl dorsal none enU»r into the formation of the branchial 
plexus The chief brancht s ol the hi inchial plexus are thoio which correspond 
to the musculo-spiral, modiau, and ulnar iitives in man Thin is no ciicumflex 
nerve 

Dorsal Nerves —The suiierjor divisions of these neivps join tojfothir in a plexi- 
form manner \\ lU-niailicd c >mmuuicating blanches pass between the vanoua 
superior trunk’i, and conn ct tin m with eat h otht r A longitudinal < ord or plexus 
IS consequently formed 1 ho distribution of the inferioi divisions is suuiloi to that 
of the same nerves in other mamm ils 

Lumbo-caudal —Ihe arrangement of tho spinal nerves poeienor to the 

dorsal remon is dilToieut fiom that of any other group of mammals (excepting 
perhaps the Sironia) with whu h I am a< qu vinted 1 ho final cause of this is 
obvious, it IS an adaptation of tho nervous sy^teu ti suit peculiarities m the 
muscular construction of tht ho animaK Tn othei mammals powerlul inferior ex- 
tremiUes arts developed for the purpo'^e of locoiuotu n, and consi nuently the lufentsr 
divisions of tho lumb ir and sacrHl non 4 s are lar^o as compared with tho supenor 
divisions, and they aro thr iwn into pl0xuR4 s to supply tho muscles which act upon 
these limbs In the ( etatta, on the oth4 r hand, lowtr Lmbe are absent so fiir as 
locomotion is concerned fho tail is tho gu U organ of progression, and the miisclos 
which work it are developed equally above and Iwlow tho transverse processes of 
the Tertebral column In ronsequeuce of thin, the supenoi divisions of tho spinal 
nerves have os important a pait to play in the supply of tho muscles of tho chief 
organ of locomotion as the mff uor, seeing that it falls to them to give branches to 
tho extensor muscles, whilst the latter have os their office tho supply of the fioxor 
muscles The result of this is, that the superior and inferior divisions of tho 
lumbo-caudal nerves in the (Jetacea aro very nearly of equal sue To insure the 
proper nervous supply of the tour great mu« nlar masses which work the tail, twp 
great lonffztudmal cords or tiunks are formed by tho spinal nerves on each side of 
Ihe vertebral column—one superior and toimcd by the tunction of the vonouB 
superior divisions, and the other infenor, and tonued by tne union of tho inferior 
divisions The first of these commences towards tho middle of the dorsal region, 
but even m the cervical region a tendency to a similar arrangement is exhibited. 
The infenor longitudinal oord begins farther back, at a point oorrei^fiQUdiog to iba 
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eleventh lumbo-caudal vciit^bra Pt>«tenor to this point, therefore, we have arranged 
around the vertebral column four great nervous oorda—tv o of which are eupenor, 
and mtuoted one on each side of the 'vertebral snmes, and two infeuor, and placed 
one on each side of the \(*rtobrai bodies btdow tiie transverso piocessoR They are 
continued back to the tail, and their chief function is to supply tlie four great 
muscles which act on the tad Sensory iiliinientf, however, are also given to the 
skin 

The first eleven of the inferior dnmonfl of the lumlx't-eaudal nerves do not eiitm 
mto the formation of the great mlerior coid Thev correspond U^ the lumbar and 
sacral nerves lu man The lai^e mtoinal pudic nerve takes ongin from the more 
posterior of these 


Recent additional Oh\ei vatwis on th Phijbwloffnal Adion of 
lUj 1‘rof DiA\ vn, F R.S.E. 


On the Aclton of ^^anadtum aj}Qn the /iifniiiin Neivons Me^^kamsm of tiu 
Froffn Heart Bij IVof AitruLU (.iAMoi g, FJl E , and Lkopoui Likmutu. 

Method of 111unent —A fiog’s heart was arranged with an artificial circula¬ 
tion, the blood (1 c, rabbit’s serum) pa'^^uijr fiom a re'jorvoir of gi\en height through 
the aun( le^, ventricle, and huUnts aoitcTy and being al'owed to tncklo baik into the 
reservoir down the sides of a gloss rod, “o as to bo o\i osod in a thm film to the oir. 
In the course of this artificial circulation a nn rturial hoDniodynnmonieter was inter¬ 
posed, arranged so as to lecord its movements on a blackened cylinder llefore 
tokmg a tracing the outlet of the blmid from the ciimlalintf systom back into the 
reservoir vv^as obstructed, tluis causing tbo moicury in the diisial manoinctric limb 
to rise and oscillate Xtmnal tiacings were first taken, tlieu tbo Monim was 
mixed wuth a solution of a sodium salt of 'vanndmm (Na\0,, oi Na^V/)^, or Na, 
and other true iiiga taken at mteiviils When the effet ts of vanatUum-poiison- 
in^ w'ere well advamed the vagus neive was stimulated in corLaiu cases and the 
eflects noted In other casts atromn-poisomng 'W’aa induced piior to mixing tho 
serum with the salt of vauadic add 

ItemliR of Jlipp) wuiith, —Whtn vanadi7ed scrum Hows thrf>ugh a Iwating fiog'a 
heart (being present iii a pi-oportioii of -008 per cent of the torce of ventri¬ 

cular systole 1 '^ ninth diminished, the ventricle passes into persistent conti-action 
for a time, while tho auiiclea pulsate os usual or somewhat enfeebled If tho pro¬ 
portion of vanadium were twice as lar^e^ the veutnelo stops writhing one or two 
minutes in a state oi ngid contraction, ju which it conlmutw for a long time, often, 
however, relaxing agam before death 

When 80 contracted, excitatiou of vagus, Buffidout to slop the auricles, has no 
eflVct on the v outride 

ITie previous administration of atropia docs not in tho slightest modify theaboye 
results. 


On the Ihffei uue ui the Pvisonoiin Activity of Phosplio} ns in Oriho-y and 

PyropJuisphonc Acahs. By Trof, Aktu un Qahoek, FJLF , Joirx PjiTiiSi lr i, 
flne? Liwpold LAUiiuru. 

In their experiments the authom made use of frogs, rabbita, and dogs, and the 
sodium salts of the phosphorus acids investigated were introduced into tlie svstein 
either subcutaneously or by v enous injection The salts usetl were trisodic ortho- 
pboiphata, totrasodio pyrophosphate, and sodic motaphosphato, the standard solu- 
niQpts being made to contain the same amount of phoi^tborus calculated ns PaO^. 

A* the result of their expwiments the authors state •— 

L That trlsodic orthophosphate is physiologically inactive 
3. That sodio metaphosphato is a ]^isoiious sub^ance, but not so potsopous as 
pyvophosphate of sodium. 
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3. That totrasodic pyrophosphate is a bod> of (peat poisouoii^ acti\ity, indiidnj^ 
death 'Without luatenaily affecting the imtamhty of \oluntar\ umaclcs or of ncr^en 
It exerts an actiou on the spinal cord and medulla ohlonj^ala not unlike that exer¬ 
ted by sodium salts of vnnadic acid On the heart its iit tion is similar to that of 
salts of \aiiiidic acid On general niitritjon and on the alimentary canal ('when 
any action resulted) the effects were likt* those of poiMoning bv phosphorus, viz 
fatty degeneration of kidneys, muscular tissue of heart and of liier on the one 
hand, and hamoirhagic infarctions and brown patchy congrslion of the alimentnr) 
mucous membranes When introduced into the nhmeutary canal fatal icauUs 
Lover followed; this being probably due to rapid elimination. 


Oil the Action of Ft/tophosphorn Acid on the Cucahttion, 

By Prof Akiucb Gamole, F R F , Jonv Piuestlly, and Leopold Larmutk, 

Tlie aiithois described e\pennients on rabbits and frogs m whuh sodium pyro¬ 
phosphate was introduced into tho sjstem, chiefly hv \eiious injrctiou Tliey dis¬ 
covered in rabbits a twofold change lu tho ciiculation, occurring within 0*25 
seconds after miection of the drug, \ iz (1) a fall lu blood-pieshuie and (2) a marked 
slowing of pulso-rate, which lhe\ believe they have ]ao\ed to he duo to an 
action on the vaso-motor centre in the medulla oblongata nnd nu action on the in¬ 
ti lusic motor mc( ban ism of the heart rcspeUivoly. 


On the BiUin of tin Canida\ By Koulrt Gaunlu, F,L S j FlLC\iS, 

The author infers, drawing hia conclusions fiom tho measuicmeuts of the capacity 
and from ca^^ts of the intenor of the skulls of dilFerent dogs, that the size of tho 
biain does not vciy closely correspond with the si/o of the annual lie is also 
disposed to aiguo for tho deiivatiou of our domestic dogs fiom one or more wild 
dogs ; hut of the more remote oiigin of the lattiT he does not propose to treat. 
From the tablo it will bo seen that no dog has so laigc a brain os tho wolf, or one 
so email as the lacVal, liom both whub annuals he has been supposed to have been 
domesticated, nis brain seems specilic in size Though Mr Larwin has shown 
that tlie largo tame rabbit has n smaller brain than the wild one, y(*t we could hardly 
supposfj that tlie dog, if he weiv a domesticated wolf, would liav’o his brain so dimi- 
mshed, the circumstancos of tho two cases differing veiy widely For similar 
reasons, if either the wolf or the jackal must be assignea as tho souico of the 
domestic dog, perhaps preference must bo given to the latter. Little account need 
be taken of th<' likeness often stHUi between those different aumials, or of the simi¬ 
larity of the cerebi’nl folds, any moio than of the corresponding circumstancea in 
iho jpchduo. 

Though neither the size of tho bram nor tho intelligence of tho dog increase in 
tho exact ratio ol the size of tho body, jet tho two former seem to correspond 
better to each other In laigc dogs the skull, os a whole, rather than its bram- 
cavity increases, and this foi muscular aUachment, size of teeth, &c. But it is not 
easy to advance further and connect tho vanous powers of dogs with any pecu¬ 
liarity of brain oiganizatioii. In dogs with tine scent, as tho hound, the rhinou- 
cephaluu is elongated or enlarged and the whole brain also lengthened, and this 
throws back the three nrebed folds which are situated over the iis^uro of Sjlvius; 
tho smaller dog'i, noted for acuteness of smell as well ns sagacity, as tho temer, 
may have a short but deep ibiuoncepbalon^ fuller convolutions, ond tho arched folds 
more upright. A distinct inner and anterior lobule is seen in front of the upper 
transverse sulcus, os well as in the hog, sheep, and horse, but little developed in the 
cat, where smell is lees acute, in the sheep it is covered with pigment bke the 
olfactory nerve, and it appears to be the terminus of the inner root of the nerve. 
The abov o description compnsea most of what is seen on the surface of the brain, 
and the elongated and sini^e folds, of which, however, the upper one U bifUrcated 
before and behind, somewhat correspond with Mr. Swan's later dissections, obscure 
as is his text; there Is, however, a tuperadded tract bordering the lon^tudlual 
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Amuto on eftch side, connected with the inner snrfAce of the hemisphere, nnd 
t^unded in front by the transverse or crucial sulcus, also forming behind an 
occipital portion l>ing under the suprooccipital lamina In these different convo¬ 
lutions there are certainly minor \analions in difterent dogs 

When wc see that the brain of the dog is no larger and not more convoluted 
than that of tbf sheep, wt must infer that he owes his sagacity in a great measure 
to the training and companionship of his master But no doubt he had its germs 
by nature, tog* tin i with line scent, fleetness, m atchfulness, and hunting propen- 
siticH , ho hone* bet ame, ns Cuviei expressoa it, * la conquete la plus complete, la 
plus singuher* et la plus ntile quo 1 homme ait faite 

In the lablo several of th* above tacts will be manifest, for instance, tha New¬ 
foundland dig though It wa^ so sagaciou*? as to n scue a drowning man at bouthport, 
■'imd though the weight of its body would have been four or hve times as much as 
that of one of the small tirruis, had its biain onU about one fifth larger than 
them last 

I he (npautiLfl of tlu skulls were asceitamcd by measuiing tho interiors by 
inean^ of sand, and reducing to th* equivalents of tho natural contents 
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ot 
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iiiche'^ 
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Sbeop-dog 
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Old inale Trontham I ox-hound 


2»; 

Sttter 

71 
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Rilnever or largo Spnnid 

0 

2f); 

Oolly 

0 


While Bull-dog 

0 

24 

Ncvvfoundlarid 

fi 

>4 

Greyhound 

7 

2JJ 

1 ox-like Mongiel 

0 


Drover s-dog 

0 

22, 

Young Bull-temer 

6i 

21". 

Smooth Pern* r, f* male 

4i 

20 

Rough Tenier 

H 

10} 

SmaU 'spaniel 

u 

1H4 

Lap-dog 


18 

Rough Terrier fetualu 

«i 

17 

1 uropenn Wolt 


41S 

Indian Jackal 


ir>j 

I nglish Fox 


I'i) 

Arc lie box 


Hi 


(hi the U’/iuJio/ejtomefiess of FUnh Diet in Tiopical Clwtate^ 
BpQ 0 GROOMNtPIRB. 


(Tier the Pbyfiemaritn (Ilnhpb} aema nnd Gas trophy sema), von Ernst H\EQrEi, 

These Icleinen Zoophyten, welche auf dem Meeiesgninde festsitzend leben, 
gdbdren 2u den ultesten und olnfachsten iinter alien Metazoen und stehen m 
erwochsenem Zustoudo iinter alien Ihieren der Offw<n*/fl-Form am naohaten 
Hakphtfsema ist suerat von Bowerbank ala^me Idebe Spongte, Gastrt^ysfma 
hingegen (untei dem Namen S^tatm4UM$ ecojmia) von Garter ala em R^op^e 
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beschneben worden Beide Genera eitsammen bilden eina baaondeie Itleine Klium 
von ^ophyten, welehe der Vortrag^nde Gatiramden nenni, und wolche wodet mit 
Spoiiffien noch mit den llvdvoiden vereinif^ werden konnen, da ai^ die unter- 
6chei(fen^u Charaktere beiden in sich vereinigen. 

Eine fluifuhrliche, von 0 Tafeln beprlpitete Abhandlunff uljei diose Gastraeadon 
hat intwiflchen IVifeesor Ilac»ckel veroffontlicht in der * Jonaiaclieu Zoitst’hrift fUr 
Nntimvisaenachftf^/Tol xi Iloft i, 20 Man 1877. Heparat-Abdruck in deu 
dien lur Gastmea-Theono ’ 


On the Dynanui^s of the Raciul Dmi in Lulta Z?j/ Surgoon-Mnjor Johnston 


On the Action of Aft Jiof on the [Irutn^ 

By CavKiEs TnoMVtj TCtno;«i-jt, FC S London and Bejhn, 

The question of ivhat bocomei of alcotiol taken lultf the system has been exten- 
snely studied 

'rimdiohutti was tlie fir^t to deteimine quantilahwU the amount of alcohol 
eliininalod by the Indno^s from a ^i\en quantity ot alcolud rdnnni^tored, and the 
result which ho obtained wmh siithcieiU in ils(di to di^pioAc tho “ elinunaliou 
theory at that lime widely prev aiIiuh. 

Dupid Rud many olho»*8 coutiniUHl those re-^emhes, fiom \vliich, to use Duprd^s 
own words, wo may fairl} diaw thiee ronehmons (Hf^o * Pmlitioner/ March 1872, 
beioff abstract of a paper communicated to the lloyal Sotiety ) — 

(1) Tho amount ot alcohol eliminated p<*r day does not incretso yvith the ron- 
tinuanco of tbe alcoholic diet , tlierofoie all tlm iilcuhul consumed daily' must of 
nocosaitv be dispo-od of daily , and as it is cei-tainly not oliminalod within that 
tune, it must be destroy wl in the systcon 

(2) The elimination ol alcohol Iblloyvin^ the takinpr of a dose of alcohol w com* 
plctcd tucutv-foiir houis after the lawt dose of alcohol has been tal^on 

(3) The amount ehmiualed in both breath and unne is a minute fraction only of 
the amount of alcohol tid.en 

Now Dr J Peicy in 18 11) published a research on tlin presence of alcohol in the 
yeutricles of tho buun, aud, iud(*ed. he concluded ** that a kind of nffiaity existed 
Ix'tween the alcohol and tho ceiebrnl matter " He further staled that he was able 
to procure a much laigcr proportion of alcohol liom Ihe brain than from a ^Toater 
qunntit> of blood than could possibly bo prc'^ent \Mthin tlic cranium of the animal 
upon which ho operated. 

l)_r Marcet, in a paper read Wforo tho Drillsh Association in 18159, detailed 
physiological experiments w'hich ho considered to subslantiale the conclusions of 
Dercy, inasmueh os they demonstrated that the alcohol acted by meaus of absolu¬ 
tion on the neryoiis centns 

liftlleniandt Perrin, and Durov had moreoyer succoedwl preyiously in oxtiacting 
alcohol from brain-matter in cfwes of alcoholic poisoning But all these researches 
leave us entirely in the dark ns regaids tho true action, if nn^ thoio be, of alcohol 
on cerebral matteis And no method of imostigalion was possible until the 
chemical constitution of tho brain was within our know h^lgo 

lliudichum’s recent rpnenicho^ in this direction, together with soino more recent 
and published mycHtignlions by Thudichum and the author, hayo placed within 
reach new methods of inquiry regarding the action of alcohol on the brain In my 
research 1 Imye attempted this mqiury, by luaintaining the brains of oxen at the 
tempera turn of the blood in water or in water coulaining Jyiiown amounts of 
alconol. The extracts tlius obtained have been studied lu yanous wa}8 and sub-* 
mittod to 0 [uantitati \6 analysis, while the influences exerted by the yarious Uuide 
on the brains have been likewise studited. These inliueucos extend in fcertam ckses 
Ip hardening, and to an altemUon in the specific gravity of tho bmin-mattcr. 
i Hero 1 shall simply state in tho fewest words niy results and the conclusions to 
which they lead. 

Water Itself has a strong action upon brtin-matter (after death), for it is eapabW 
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of diwolvitig cei-iain principles from the brain. Thc^e principles include cerebrine 
mjehue (C^ IL^NPO^), and apparently a now phoaphonzed prin¬ 
ciple insoiuole in slnnig alcohol, together wim that class of Bubstanccs generally 
loimod extractues At tLo same tune the brain swelU and attauQH a smaller 
ppocific gmiily thus m one awe from lO.'lO it heciuno 1007 It is notable that 
water, however, dissohes no kephaline (C’ TI^^NPO, J front the brain. 

Alcohol sepins to have no more (heiiiicai efiett on the brain than water itself, so 
long as iU proportiou to the ti)tal volume ot Hmd doej not exceed a given extent 
The limit would appear to exist soinewhero near a lluul containing Vo alcohol 
Hut if the ]wrtentflge of alcohol eveecds this amount, then not onl) a larger 
quantity of matter is disaolied Irom the brain, but that matter mcludes hephalino 
((J^jlL^jNfO,,) Sut h aleoivolu mdutiona al^o decroase to alaiut the same extent 
an water the -peeifii giaMty of hiaiu-substance, hut not fimu the same cause , that 
H tt» sat, not merely hv tlie loss of Huh^hinee and swelling, hut h^ the fixation (jf 
water Many diiln nltien -^nrrouinl the ntioiupl U> foUow Ihase ideas into life, and 
to comprehend m >\hat ^^ay eai h or all these mode^of action of water and alcohol 
on the brain may ho luflucutrd In flio other matters present in blood From 
Tliudichum’s rose aches it follows th it thehram must be subject to evoiy influence 
aJTecting the blood , and it jh piohnhle, on consideration, that what is written above 
regarding the action of watei on the bruin is likeso true of an extraordinary 
watery serum in life Hut it the ‘<eiuiu he rich in salt?, those salts, by a power of 
combination which thei ha\o hir the cerebral piinciples, would presmo the inte¬ 
grity of Iho latter Uji the other hand it is dijfii iilt to tw‘e how any of the matters 
Know'tt to evist in the blood could pretent ah uhol, if it were present in sutficient 
amount, citlier from liiirdeniug the buun (as it does after death) or from dissolving 
traces of the pnnnples to be hencelorlh earned awav in (he Mrciilation. That la 
to say, should phjHiological je'^eircli confirm the stated fait that the brain in hfo 
absorbs alcohol and rctams it, it wtuild almost follow of necessitv that the alcohol 
would act as I have indictiled and produce disei-e, ptjrhaps '^delirium Iremene.^^ 


On Hie Poisoyious Activltij of Vanadium in Oi f/io-, 3/fta-, and Pyrwanadie 
Ac\<h By Lkopolp Iarmuth, 

The author concludes from certain cxpeiiments detailed that the toxic intensity 
of orthovanadate of sodium !«« much loss than that of tlie pjro- and metavonadate# 
of the same base, but that the fundamental mode of action is the same in each. 


On the AcUon and ^oxtnds of the llioit By Dr pATojr. 


Note on the Phy^iohgiud Action of VanadiUio. By John Prikstlet* 

The author dosenb^'d the methods of experiment and obser\alioii followed otit 
in a research into the ph>d]ological action of vanadium, and concluded by stating 
the general results arri\ei)[ at, vu. *— 

1, That vanadium IS a }ioisonoiirf substance 

2, That the symptoms of poisoning are, in gonend, similar whatever the metiiod 
of the introduction of the salt into tli© animal 8}8teui, 

3. That the Hymptoms of iKusotnug whicli appeared m one or other of the varioui 
classes of animals above mentioned aro — paituvsisof motion , convulsions, loc^ ot 
general; rapidly superremug drowHmc'*^ or inJifforenn* to external rircumstanees; 
congestion of alimentary mucous meinbrinrs, dischaigo of snnguinolont fluid flceea; 
presence of gWy, fluid mucus in tlio iulcstmes after death; certain changes In 
respiration, aii<h coincidcutly, a fall in tempTature; drowsiness and teebleuess of 
pulse. In addition, the beait wsa always irritable after death, consciousness dnd 
sensibility to pain seemed unimpaired, and no diminution could be detected In the 
powers of muscle and nerve fo respond to Btimulation, 

4. That the lethal dose for rabbits lies between 018 and 14 00 xnilligr. of V/)| 
per kilogr. of rabbit. 
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6. That the special action of vanadiutu on the function of respiration is to cause 

A stimulation, followed by 

{b) A depression of lospnation, the latter being not continuoua, but 
intermittent. 

Both effects ftie considered to be duo to an action of the poison upon the respi¬ 
ratory nervous centre, 

0. That the special action of vanadium on tin* function of circulation is to cause 

(n) A duninution of blood-pressure, which not continuous, but inter¬ 
mits during the opeiation of the poison , 

(b) A disappearauco of respiration-curvps , 

(c) A dimmutiou mid inogulaiity of puUt*, which is also intermittent. 

The results are considered to be duo to an actnin of the poison on the vaso-motor 

centre and on Iho intraciudmc nervous mechanism 

7. That, although mu*iclea and nerve-trunks speedily die when immersed in even 
dilute solutions of a sodium salt of lanadiuiu, yet vanadium is not rightly to be 
called a muscle- and nervc-poison, since frogs which have boon poisoned by sub- 
cutonoous injection of rannaiuin still possess nerves and musclos winch, in irrita¬ 
bility or m power of doing work, are quite normal Xev ertheless vanadium attacks 
the nervous centi cs of tho spinal cord and medulla oblongata. 


Observations on the Phijsiolotjtcal Action of Chroyaium 
Bij pHiKsircv. 

The author experimented with gumea-pigs, rabbits, and fmgs^ injecting solutions 
of neutral chromate of sodium {?sa/Jr()j,j beneath the skin or into tho veins. He 
concludes — 

1. That ‘1 to *3 grm CrOg, in tho foim of tho abovo-uamod salt, is a powerful 
poison for rabbits and gumoa-pigs, 

2 That denth is pr<*ccded by wpasms and violent retching, which commence a 
few luiuutos after lojectum of the poison Spasms are succeeded by paralvsis of 
motion and, in frog'j, abolition of reflox action 

3. That the blood-pressure first rises and then falls, tlie fall continuing until death. 
Further, that after tho fall has become marked the pulse suddimly wcomes ab¬ 
normal, stopping for the space of a boat or two at irregular inleivalH, which are 
occasionally of couHidorable length, the pulso becoming regular ogam dunug the 
intervals The author bohevos that this irregularity of pulae is due to an action 
on the vagus nervous centre. 

4 That the ahiuontary mucous membranes are tho scat of extensive congestion 
and ecchymoses. 

5 That the kidneys become congested 

0 That nni'»cles and nene trunks and extremitios remain sensibly normal. 


The Teryninntion of the Netves hi the Testthule and Hemic trcular CanaU of 

Mammals Bej Uanvisr Pnirruviin, Af/), F.Jl VAural Surgeon to 

K%nfs OoUege ifospital^ Lecturer on Ainmal Bhjswlogy at King'^s College^ 

The author gave tho results of his investigations into the structure of tho nerve 
epithelium, os it la called, wdiicli contains the terminal distribution of the acoustic 
nerve. 

The membranoua labjTinth is composed of three layers— ox tern ally some loose 
connt^tivo tissue, then a distinct layer of dense connective tiHsuo fthe tunica 
propria), and 1} mg on this a single layer of tessellated epithelium At the acoustic 
spots, where the nerve la distributed, this membrane is ftrmly adherent to the 
oaseous wall, and the epithelial layer b^omes transformed into nerve epithelium. 

In tho saccule and utnelo these spots we termed the raaculro acusticao, and in 
tho three ampullro the cnstie acuelicffi, the latter being raised into a kind of ridge. 
• TAc tiertr epxthcUum. —Max >Schult7.e dosenbed this structure as conwstmg of 
Broe elements—a deep laver of nuclei, a supertieial layer of cylindrical ceUs, and 
botwoen them numerous filiform colls, 
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Odemus and KoLlikci s reso^rclies conhime I these obsersations, bub Hasse ^ives 
ft totally didereut account of the Btructure Ho doscribea it as consistm^? of tutor- 
uatiiig olon^ated cells, the one beanng the ciliuiu, t)ie oihti isolatiug the ciliated 
colls, and resting i^itli a bioad baso on tho mombnuiH piopua 

Uudmgi 1 somowbftt leveraos the dosciiptioii of llasse, an I stites that tlu 
isolating c lU aio tiiangulai, with thoir bases tinned upwaids so to lonu tli» 
free bo^oi of tin cpithohai mass, and doubts the existence ot the deep lft>oi < t 
nuclei 

Kbner beheits the osseulial elemonts to consist of two foiuis—i supeiliLiftl layer 
(»f cylindncftl cilinted colls rounded off below, ftnd a deip multiple I r d lihfurni 
cells with their filaments passing up between the cyhndncnl e^ Us 

Lastly, Paul Meyer desenbea it as made of two parts—a deep Isyi i of nucki, and 
a Hunt rucial one of cylindrical ciliated cella tapenug off belo\\ 

riie author h obser\ntion9 have led him to conclusions wlin h, nlthough they aio 
esaentiallv dillereut from those of tho authors just alludfd 1 1 , u t appear to him to 
rcLOUCilo t> a gioat d«^giee thoir vanoiis conflicting dcocription-^ 

The appearance of this structure dift rs according to tlio positiou in tlit macula 
of the poitiou examined 

A typical poition, such as may be sten midway betw on tin oditiL 'uul ciicuui- 
ftiouce of tho spot, cousiata of a fayei of altornating clonp,iitLd c IL, b rdei d aht \ 
by a distinct cuticulor membrane, and eonnocted below with th > e nuclei which 
foim the deop la^oi desenbod by most authors So that the ct llidiu lemcnts may 
be SAid to consist of two altuinating forms ol elongate 1 cells each hniing an uppei 
and ft lowei nucleus Ihe autboi cuIIh the iirst tho thoni'CelL on nceoiu t 11 th 
shrypo of then cilium, and the second tho brntle-cells toi a hiiuiI u lensni 

The thoni cells have afusifonn body containing an oial nucleus fu ni this body 
passes upwards through the cuiicular membiaiio a tapcimg cilium oi ilurn tho 
lower cvtitinity is prolonged doyvnwaids, and aj^ain txpaniN to its stcoid 

nucleus 

Ihe biiRllo cells have a triangular body containing an oy al mu h us ilm ba'*( ol 
tlue 18 intimately connected with tho cuticular menibratu, and ir< ui this base 
posses upwards a narrow bnstle-hko cilium, the apex of tins luaugulai body is 
prolonged downwards and has a second nucleus hko its fell iw thoiu-eoll 

The cuticular membrane is a lery thick, wcll-maikeil mcmbniue, holding tho 
cellular elements in thoir place, and perforated loi tho i>at<rtftge ot tht (iha This 
membrane is analogous to the mombrana loticulaiis of tin oigan t ( oiti, onl 
the author therefore proposes to call it by the same name 

Modifications of thf net w einthehtnn -—As theie is a gi uoial inciposo in thickne^ 
of the macula from circumference to centio, so the cells and tlun you ms part', 
elongate, tho cilio, which are short and stumpy at the edge, btioino veiv much 
longer Mid comnaiaiively faner at the centre of the ncouMtic tip tt Vt the c ircum- 
ference the cells pass by insensible gradations into tho < olunamr epu)u ii il cilk 
which sunound tho whole macula lownids tho eontie tho uppti nucleu-y and 
surrounding protoplasm of the hnstle c« 11s gradually dniiiiiisli and tlven are lost 
altogether, this part of tho cell being represented by a trabecula fiom the mom- 
brana reticularis Tho bnstlo-like cilmm remains aftci tin uppci pi iloplasmic 
mass has disappeared but eventually this also is lust 

The tetrntnatton of the nerves tn tJw maenht —Tho norye-libits amyiug at the 
membrana propna lose thoir white substance, and entei the neno < pitliehum 
without it Alter passing this point there is cousidei iblo diflicult} in Iuh ing tho 
nerve-fllamenta, but there is no doubt that they form a pk\ii'» ai >und th ^ dtopci 
layer of nuclear bodies, and that some of the lilftmtids ninj he tiactd dii oily oi 
indirectly into the ciliated cells 

The ototUh mass —OaNenng the acoustic spot is a soft mass into winch the tdia 
project to ft certain distance, this is evidently of a culu uloi uatui an I is annlogous 
to the membrana tectoria of the cochlea The olohth^ luc bv thir. mass, 

being chieftv contameil in its outer |Miitioxu 
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On a M^CTo$C')pt adapted for showing the Circidittion ru the ITaman Subject 
]hf Dr Urban Pkitcharp 


VhysioUgy of the Naions '^ijsiem of Me his r 
jB#/Ofou* 1 3 M A 1 

Fundanxentcil ObHeruattons —The author hoa Bucceedad lu d( luonetrulmg the pio- 
aence of a nervoua sjBtem lu Modusco, the ganglionii* tlonieiit of whu h apptiu-H In 
be localized exclusive ly in the margin ol the swimming-bt-11 1 or bo found that 
on excising the entire margin of the bell in any speon s ot nuked-ejed Meduseo the 
Bwimming niotiouB of Iho boll instantly CLRRtd and weToi\t>ci again reaumod, 
while the flovert d margin continued itn rh^thniicid contifttlions f r days AVlth 
the co\cied-oycd Meduate the case is n t quite bo dctinitc , 1 r although the para¬ 
lysis of the boll, which is liore likt wise pioduced by the oponitiuu just descnhtd, 
IS usually coinpleto f )i a tune it is not alvvajs peimanent, but, after pencals 
\ary'ing from n few sccondH to half an luui or moio occasional (outmctious bigin 
to maniftst themselves Moreovti, in the caac of the covend eyed Meduaee, the 
author found that excision of the lithocystfl alone was attended with the seme degree 
of paralyring effect tn the lull as was excision of the entire margin whueaa m 
the cpse of the nakcd-e)ed Mtdusrc euch was not the case Ihstolojpcal observa¬ 
tions revealed the presemo of gonght n-cefis and nerve fibres lu the lithocjsts 
Nairnal Ithythm — \fl legnids tho iiatmal rhythm of the Med ubto, it was ob¬ 
served that its rate has a tendoui v to htar an invtist ]rnp ition to tho size of tho 
individual, but that on aiibinitting an inhvidiuil to artificial segmentation, tho 
rate of tho rhvthm exhibited bv the van )us segnunts si ONvrd a tendency, other 
things equal, t*j vary directly as the size of llu m g luut 

forra^ c f mutilatnn weic tiactised m which them u gin of the swimnnng- 
bell was lelt intact, it was obseneu that after a tomporaiy acccJoration the rate of 
the rhythm nrogrcssivcly declined, and become stationaiy at a rate that was slower 
the greater tne amount of tissue that had been removoil 1 rom these experiments 
tho outhor is inclined to infer that the apparently automatic action on tne part of 
the morffinal ganglia is really of the nature of a reflex—a constant stimulation being 
presumably supplied by those other parts of tho organism the rcniovalof which was 
attended with a retardation of the ihythm 

Tho rale ol tho rhythm is increased by clovalions of temperature ns far ns 60® F , 
but in still wanner water (70°-^0°) tho rate, after having been tcmpoi only quickened, 
becomes permanently slowed Diminution of temperature likewise produces a 
retarding otfect on tho rhythm, and eventually (20^) altogether stops it 

Some specimins of AurcUa awtta weio frozen solid, so that all their gelatinous 
tissues were pierced thiough in every direction by on innumerable multitude of 
ice crystals, which had been fonned by the freezing, %n «tf<,ol tho sea-water whicli 
enters so largely into the composition of Iheao tissues Yet, on being thawed out, 
the animals recovered, although their original rate of rhj thm did not fuUy return 
Their tissues then presented a ragged appearance, which was due to the tUsinte- 
grating effect produced by the formation of the ice crystals 

The rate of tho rhvthm is accelerated by oxygen luid i-otardod by corbomc acid 
Sttmulation —All tlio contractile tissues of afi the Medue® are keenly sensitite 
to all kinds of stimulation When a erwimming bell, for instance, is paralyzed by 
excision of its margin, it inv anably responds to a single stimulus by once peiform- 
ing that movement which It would have peiiormod m rei-ponee to that stimulus 
had it still been in on unmutilated state To mechnnical stimulation the sensitive¬ 
ness of the paralyzed bells is wonderfully greet—a drop rt soa-water lot fall from 
an inch m height upon tho contractile tissue being eu:fficiont, in somo species, to 
ohcit a res^nsiv e contraction Jn their responses to all kinds of chemical stimuli, 
the excit Slo tissues of tho Medusio conform in every respict to the rules which 
are followed by the nervo-musculaT tiBSues of higher animals Similarly with 
thermal end electrical stimulation Light nlfo acts as a powerlbl and unfaibng 
stimulus in the cases of some of tho naked-tved Mcdiisro SenstOf for instance, 
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almost mvariabiy responds to a single flash by giving one or more contiactions 
On removing the margin such roaponsts cease on the part of tlio bell, although they 
continue uu the part of tho fie\on d luaigin Hut on 10 IU 0 ^ mg the ao coHeu eye 
specks from the margin such responsps ctase and that these ‘*e^L-spocks an 
true visual oignns is further pro\ea by the tact that, while uumutiliittd 'lu/ t\iII 
thiong into the path of abeam of light, and evtn follow tho benm wheicvei it is 
moved througli the water, iSarsuewith thm ^ eye specks leiuoitd will no longt r 
do B) An^ Olio of tlu luminous lays of tho spectrum acts as a stimulus, but iioL 
HO the ia}s which In on cither side ot the luminous spectrum 

1 he p( nod ot latent stimulation was determmed in tho case oiAu7ilit aiinta 
by employing Ih inductiou shock It was found to vaiv groalh, according to tlu 
Umpoiotui j at ^^lllch tli tissue was kept Ihus, Nvhile m wiitci it _0 it was 
^ sec m T^ator at 70° it was J see It was also found to ^arv p^iintlv under tlu 
iiiflm nco of so-callcd summatu u ol stimuli J bus, wliilt in v atei at the latent 
period was * sec m th> case of the first >1 a kuks of stimuli suj plied in icgulai 
succession at two seconds interval it was only ^ bcc in tho cost ol the tenth stimulus 
ot tho senes In every hucU pc ries of siimnli supplied nL h1i it luLtivals the latent 
peiiod becomes progrcsHivc ly l<hS and less until it attains its mimniwiif wlule tho 
stitugtli ( f tho coiitnu ti )n liecomcs pi igiesaivtly ^rc itei and guatirimtil it attains 
lU fnaxDiuw} the mUnsily ot the Hlimulatun, ot course, icmainiiig couatont 
thioughout the sou h 11 more than one minute is nil wtd to elapse betwee u any 
two successive stimuli of a scru s, this beiu licial or using (fleet t Bummalion no 
longer assoits it df llio tissuj has, ns it wiie, f i^itlin tli oieiiiieu e ot tli 
previous Htimuli lhai the aiousmg ell et in qu atioii is due ti the occuruuit ol 
tho flucccssivo « and not to the c c iincnce f the huci siv conftaUi )i 

appears to be indu ited h) Iht fact that it induetiou shod s b vmjdoved which 
aie of le«8 than minimal lut ntuly at the commencenu nt of a eLiics, they hist become 
of minimal and oveiituall}, at tut end cf a seiug, ot lur ic than minimal mteuBitv 
Now, os m this case no contiacli ii (ceuia m icspoiiHO to the first three oi fom 
stimuli, it IS evident that tlie summating intlucnei niuet have nfti» nco to tho 
process of stimulation os diHtinguished trom that of coutnielion rsevorthelcss, 
that the summating ellect is a gcmial one pen \ding the wliolo c \tcut of the re¬ 
sponding tiSHUC, and not confined to the aiea occupitd bv tho olectiodes, is proved 
by tho fact that if, during the administralion of a senes of stimuli, tho olectrodos 
be suddenly shitted to another pirt if tho excitable tisbuo (peilmps tight cr nmo 
inches from thoir previous sc it),tho sumniating efioct i» resumed horn the point at 
which it was left ny the pievious stimulus Iho autboi fiuther p oved by vanoue 
cxpenmeuls that during iho naUual swimming motions ut the Medusa) evtry con¬ 
traction exerts a bineheial luflucnco on its bueeis<»(.r, which resemMca both m kind 
and degree that which is excited by a contraction due to an aitifieiol stimulus 
AiUjltuil Rhythm — Wheuthoparaly zeddiskot AmWmnm daifisubnuttcdtostn ug 
farodaic stimulation, it goes into a tolerably woU-pronounced U tun us If tho strength 
of the cuneut be now diminished, tho tetanus assumes a wild and tumultuous ehaioc 
tor, somewhat resembling that of a heart undei Bimdaicn nm^toueeM It theetrengtli 
of the current be again prom^sivtly diminished tlic chaiactoi of tho tetanus be¬ 
comes progiessively less and less tumultuous, until ut last it ctases to be tetanus 
and passes into rhythm Ihis artificial ihythm h qiuU ns reguhu and quite as 
eusUuued as is the natural iliyUim of tho auiuial Its rate vaiies lu difioront spe- 
cimons, but usually coiresponds with that of rapid swimming Progressively dx- 
mmiehing the strength of the liradaic stiinulntien U s the eileet ol progro-^sively 
docieasing tho rate of the ihythm down to t^io poiut at winch all losponso ceases, 
but between the slowtst ihythm obtainable by immmal stimulation and the most 
lupid rhythm obtainable betoio the appeal in cr of tetanus tliere me numerous 
degrees ot rate to bo observed I be aitilicial ihythm may bo obtained with a 

portion of any size of iriitable tissue, and whethci a small oi a laige piece of the 
latter be iiK luded between the electrodes I be pirsisUncy ol any given rate of 
rhythm under the »ume stiength of cuircnt w wondeilully gioat, tor it generally 
req^uires more than an hour of continuous faiadization befoio tho rhythm begins 
to nocomo irregular, ow mg to incipient exhaustion At hrst only one sy stole is 
omitted at long mtervals, but afterwards these omissions become faquent tmd all 

15* 



1(10 


ARFoaT—1870. 


tli.' luimll) the contwiciionw nltogother cea$e, but a rest of 

li.ilf nn hour or an lioui restorethe imtabilit}" 

I'hp hypothesis bj whieh tho author seeks to explain this artificial rhythm (a 
ia>"thm ^'vnicii, in most case^, U quite as regular as the beating of a heart) is as 
follows:— 

Kiory time tho tissfio contracts it must, as a cnnscqiienca, suffer a certain de^o 
of exhaufltion, nnd theroloro musit become Hlightly Ic'^ sensitive to stimulation than 
it was hefoio, a time, however, tho pvhitu^tion will pass away, and the 

oiiginal degive oi senHitivoness will thereupon return Now tho intensity of tho 
tniridaic sliiuid.ition, which is idoae capable of pioducing rliN thmic response, is 
eitht‘1 minimal, or bat slightly more than minimal, in relation to the sensitiveness 
of the tissue vviien fiesh Tonsequently, when the degree of this sensitiveness is 
somewhat low end by tempoiax^ exhaustion, the intensity of the etimulatiou 
IX'LOines somewhat khs than iniiumnl in lelation to this lower degree of sensitive- 
nfMS Till tii-sua theudoio fails to peiceive the presence of the stimulus, and cou- 
Hoquoutlv fails (o lespoud J^ut so soon as tho exhaustion is completely recovered 
fioiii, so soon will the tissue again jierceivo tho preeteiico of tho stimulation It 
will Ihereloio again lespond, again become temporarily exhausted, again fail to 
perceiK' the presence of the stimulation, and therefon.* again bccoino temporarily 
({Uioscent xNow it IS obvious that if this process pc( uis once, it may occur an 
indefinite numhorof tinu's, nnd as tho conditions of nutrition, as well as thoso of 
Htimulation, leimuii constant, it is niunifest that the responses may thus bi^omn 
ppiiodir 

Tn ordti t> u it this Inpothenis tht' autluu mido tlie following experiments 
Ifaving (irat noted (he lato ot llie rhythm under fnmdaie stimulation of minimRl 
mtoii'-itv, without shift iiijA the fleet rodes or aUeiiiig tho stieuglh of the cuiront, he 
discardifl llu» faiadiic «^timulntion, nnd substituted lor it single inductiou-shocks 
tluow n in w it/i a low Ife found that the maximum uuinherof lliese single shocks 
which he could thus tlirow^ in m a given time, so ns to ptoiine a rcsjwaw to eieiy 
^hfc/n iitrit spondod exactly with tho number of contiactions which tno tissue hod 
pivvioitsh given during a similar interval of time when under the influence of the 
laradaic turiimt of similar intensity, For inatauee, to take a specific case, it was 
found that undi'i* the faradaic ouiTcnt thei'atci of the rhythm was one in two seconds 
By now threw mg in single ahoeks ol tho same intensity, it w'os found that the 
quit kest mtc at w lin h thc'J<M ould bo thrown in, so n.s to procunv a response to 
ev'erv shot k, w ns one in two seconds If thrown in at a slightly quicker rate, every 
now and then, nt u'gnlar intervals, one of tho shocks woulcl fail to ohcit a response. 
'Phe liMigih of these miersals, of course, dppend<*d on tho rate at winch tho succes¬ 
sive shocks weio thrown in, so tliat, foi inatauee, if they w'ere thrown in at the 
rate of one a k( (oiid, tho tissue Would onlv, but always, lespond to every alternate 
Shock 

The fidlowmg, and somewlmt similar, experiment is still more conclusive. As 
hlieidv stated, the iate of tho aitiftcial rhythm under fnrodaie stimulation varioH 
with "the strength of the famdaic current Now, by choosing at random anv 
'‘trongth of faraduic stimulation between the limits whore rhytnmic response oo- 
eurred, and by noting the rate of the ihjthm under that strength, the author was 
generaliv able to ptcfhrf the piecise number of single induction-shocks he could 
aftorwanls afford to thiow m with the sarao strongth of current, so as to procure a 
le^poiifu* to every shock—this number, of course, corresponding exactly with the 
late ot the rhythm previously manifested under the faradaic stimulation. 

Other experiments, which do not admit of being briefly detailed, have likewise 
coiifinned tho above hv pothosis, Upon this hypothesis, therefore, the author has 
coustructi'il a tlieoiy eonceming the ihvthunc action of organic tisaues in genera!. 
TJio details of this theory cannot bo rendered in the present abstract, but m its 
mam outlines it 18 \er> simple, vix that all such rhythmic action is due to the 
allernalo pioccss of exhaustion and recovery of contractile tissues, which has just 
Ik'cu oxplainc'i Theiefor© the particular case of rhythmic action of ganghonated 
libsut ^ is sQpnoaed by this theory to be duo, not to any special resistance mechanism 
on the put of the ganglionic tissue^ but to tho pnmary qualities of the contractile 
tissues in other words, the function of the ganglia is supposed to be merely that of 
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supplying ft coostAMt HhmukUwn — Wmthylhm being supposed due to the sniiu' eauseS 
ftfl 18 the artiftciftl iliytbm of Aiirehn autita Fiom tins it will bt" tlint the 

esaentiftl point of difierenco between the eurrent theory of rhvthin due to gniighft 
and the theory now pioposed consists jii this—that whoictu both the uie^ suppoM' 
the mrtdutdation ot enoigy by ganglia to be a contimiotis process, the n^sistauce 
theory Hupposes the Oibcnaiqe of this ftccunuilnted oneigy to be intermittent, 
tho exhaustion theory supposes it to bo contumous Aceoidmg to tlie lormei 
theory, therefore, thorhjthm results beeause the stimuhition ispt iiotlu , according 
to the laltei theorv, the rhythm losnlts because the alternate piocess of exhaustion 
nnd recovery, or the fall and iiao of cvciiubilitv, is periodic 

Without waiting to discuss the <i pnoti meiits ofthi'se riMil llieones, the author 
proceeded at ouco to mention some furthei evpenmeiita \\hicli Meio designed to 
test tho new theory, and winch haie so fai confiiined itastoshon tlie (’ftusey which 
modify the natural rlnthni of Atueha hkowine modirv, m tho hamo and 

degrocfl, the artifiiial rhythm 

(rt) Othei modes of constant Btimulation, bohidca that supplied b\ ftiiftcliiie t b-c- 
tricity, likewise cause rhythmic action on the pait of the degaughonntiMl tissue', ol 
Meduaro For iiiHlance, the voltaic ciirronl causes this action *, and dilute 
chemical stimuli tend to produce tho same eiloct 

{b) AVith each meroraont of tempeiatuie tho r.ite of tho mUticiul ili^tlnu in¬ 
creases Buddeuly, just as it does in the case of the natural ih} Ihm IMoiisix er, tliore 
BOPius to bo a HOit of rough correspondonco between the amount of lulliu'iu o that 
any given degiee of tempoiature exerts on the i ale of tho natural and of the aililicuil 
rhythm respectively Fiuther, it will be remembered that m waim wabi the 
natural rhxthm, bosides being quicker, is not so regular ns iL is m cold water llius 
also it IS with tho artificial ihythui Lasth, water below 20^ oi above 8iV sus- 
pends tho natural rhytlim, and tho aiUlicial ihvihm is suspendi I at about the 
same degroes. 

(r) Carbonic aeid letards and oveulually suspends the .otPieMl ili v linn, in junt 
tho same way lus this gas acts on the natural rhythm 

(d) When the maiginal ganglia of iSama arc lemovcd, the inanubimiu shortly 
afterwaids relaxes to nvo or six timea its normal length. There ciin bo no doubt 
that this efleet la due to the muscular fibres of the luanubiuim having been pro- 
\ionsly kept in a state of to;nc contraction bv means of a continuous ganglionic 
dischaigo from tho margin Now physiologists ai*o unnunuous in legaicling mus¬ 
cular tonus as a kind of gcntlo tetanus due to n pernistent gangliome ptimulaliou , 
and against this opinion nothing can be said Ihit, in au oidance willi tho ac¬ 
cepted theory of ganglionic action, physiohigiNts further Buppiv.o that Iho only 
reason why some muscles aixi thrown into a state of tonus by ganglionic stimula¬ 
tion, while other muscles arc thrown into a slatt* of ih^ thinu* action b> the same 
means, is beenusi* the ic-'tdftMcc to tho paaaago of the stimulation fioin tlie ganglion 
to the muscle is less m the former than in the laltei case On tho other hand, tlie 
new theory of gaughouic action explains tho dinVience b) Mippo-imr a ditforeut 
degree of mon tho part of tho muscles in the two cases, for it will bo 
romomberod that in tho aulhoi’s experiments on paralyzed Aui(Ua^\i the conliiinons 
stimulation wore of somewhat nun*e than inmunal intousitv, tetanus was the losnit, 
while jf such stimulation w^eio but of inininml mtonsitj, the result xvus ihythnnc 
action Now tho author finds in tho case of Satsia that tlio mii'^Liilai ti^-'iie of llio 
manubrium m more excitable than tho muscular tissue of the bell; no that, for tins 
and other reasons, the facts hero accord inoio clo6el> with the exhaustion than 
with the resistance theory of ganglionic aclioh 

Hefiez Action —The occurrence of reflex action in the Medusco is of ft voiy marked 
character. For instance, if the manubrium be irntated, the swimming-oigan i*e- 
sponds to the irritation by giving one or inoro contractions, but if the marginal 
ganglia be now removed, the swimming^orgon no longer responds e\ on to the most 
violent irritation Again, in Aurelwy if only one hthoevHt bo left m and if, 
during a pause in tho activity of the latter, any pait of the iintable siufacc of the 


^ Tlius far the results are strikingly similar to Uiose oktninid by Dr Fttrslor m tb' 
caw of the henrt^pex. 
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Bwiniming-oij^u bo very gently imtatod, tho reeulting contractile wave does not 
Btart from the immediate seat of initation, but from the ganglion which still 
remains i» situ 

But this allusion to a contractile wave ’ renders it necessary to state that all the 
contractile motions of the Mbdusoe (whi thor due to ganglionic or to artificial 
stimulation) may bo sttu to bo of the nalurt of (ontmctilo waves which spread 
from tho point ol stimulation as from a ctntro Iho lato at winch they tiavel 
lanes gmatly in difi( rf nt species, and m the snm spncits undtr different conditions 
of toniprratiire I he author has mtult an elaborate fients of expenment*^ by 

section, with tlio ^lew (I osot rtaining whether those contractile WR\es are merely 
musflt-wavcs or depf nd for tlieii passage up >n the pc^ net of rudimtntniy nerves 
He finds that tlie fissno will endure almost any se\(rity of oi eilappiug s ctions 
without sullenng lose of its physiological conlmuity—Iht (ontractilc w a\ t s still ton* 
tinuing t) 7ig7ag bach and fore among the o\t flapping cuts Similaily with 
anothti form of seel ion wliuh conHsts in cairpng a cut round and round tho 
ftwinmuog disk m tht fonu of a spiral, tht Mcdmin bang thus convtrUd into the 
form of a iibbon In such a form of section the autlui has icptatcdly seen con- 
tiactilo wa\ta passing freely from end to end of a ribbon shaped stiip of tissue 
measuring only an inch across and moie than a yuid m length lit was therefore 
at fust inclined to regard the^o tontiat tile wa\es as merely niustlo-waies Ne\tiv 
thehsi there is likewise an important h dy of e\idtncL to be iidduc<d in favour of 
a nervous plexus In ] niticulai, if Iht spiral mode of sectu n bt earned on sulh- 
ciently far, a point is, sooner or later, sure to come at which tlio conlmctilo waves 
ceaso to tu'^s foiwaid tluy bee mn blocked at that point and this altiai/a with 
qnat stalddinc^ M( it over, the non t at which such blocking of the waves takes 
place IS extiemcly variable ni difhrtnt individuals of iht same species Lastly, 
the fact tint r flc\ acti n has been pmod to oct ui, shows that these excitable 
tissues aio penn led by tracts which present the distinguishing function of nerve, 
V17 the coiivc ving of impressions to a dislamc And it is of the first importance 
to ob'iervo that this function is ^uito as difficult to desti ly by tho introduction of 
oyerlapping or of spnal cuts as is the function on which the passage ol contractile 
wBvesaepends In other woids, rellex action continues to take place through 
firms of Bt ction as seveio as those tlnough which contractile waves continue to 

E ass And this fuet tho auth ir consideis tho most important that has os yet been 
rought to Ugl t in tho whole range of invortcbrato physiology , for ho logards it as 
evidinct that in these pnmiUvt ntrvo-muflcular tissues tho conductile or nervous 
ch ment becomes difkientiuted from the contractilo or muscular tlement in such 
a way that vicarious action ih peimitttd to take place to any extent among the 
incipient conduct lie eloraenlfl And in striking confiimation of this view another 
aeries of obsoivalions may hiro be mentioned 

Fiarophis uuheans is a Dowl-ahaped apoci s of naked-cyi d Medusa), to whn h the 
author hn'^ a*>»]pnpd this name in referent o to a highly interesting fuuetion that is 
manifested by its manubrium This function consists m the oignu loenhring, with 
tho utmost prfH isKn any point of nntalion which is situated in tho bell ior 
instance, if any point in tiie iintable surface of the bell be put hod with a needle, 
the manubnura moves ovtr towards tliat point and amdies its tapered extremity 
to tho exact spot where the prick has been inflicted But now, this iinomng pre¬ 
cision with wiufli the manubrium indicates a seat of imtation in the bell may bo 
completely destro) ed by introducing a short cut between the base of the manubnum 
and tho seat of irritation in the bell Tho afferent connexions, therefore, on which 
this locahxing functu n depends are thus shown to be exclusively, or almost exclu- 
Aivolv, radial Hut although under these conditions the manubnum u no longer 
able to localize the seat oi irritation, it nevertheless continues to perceive, so to speak, 
that imtation is being applndsmnctcAfis, for every time the imtation u applied 
tho manubnum actively dodges about from one part of the hell to another, apply¬ 
ing Its exl'^mity now at this place and now at that one, aa if eeekinjf m vain mr 
the offend ag body Now this fact shows that the stimmus, on reaching the point 
at which tho afferent tract is severed, escapes from the eevered to tho unsevered 
tracts through the vu.m %ou4 action of the latter 
There it another point of intorost connected with this apparently reflex action 
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When the author removed the manubrium at its base, ho found that on now im- 
tating any part of ita own substance the apex endeavoured to curv o down towards 
the seat of irritation. Similarly, if only a portion of the mauubnum were removed, 
the pointing action of that portion resembled the pointing action of the entire 
orgau^ while the stump tlint lemaiuod in sUu would coutinuo to movo over as far 
as it could towards any point of irritation situated m the bell Hence there can 
bo no doubt that eveiy pait of the manuhnum is indepondeutly endowed w'lth the 
capacity of localizing a scat of iiritation either m its own subatanco oi in that ot 
the bell And in this we haven very remarkable faet, for the localising function 
which IS so \ory ifficiontly peiformed by tho manubrium of this Modusa, and which, 
if any thing leseiubbng it ncfurred m tho higher animals, would certainly have 
definite gaiiglionie centres for its structural correlatno, is liero shared equally by 
every part of the exceedingly tenuous contractile tissue that forms the outer surface 
of the organ. AVe have thus in this case a general diffusion of ganglionic function, 
which IS coo\tensive with the conliactile tissues of the oigan 

Pomnis —The author has conducted a numbei of expernnenta wdth reference to 
the effects of tho v auous iion^e- and nuis( le-poisons on the primitive nerv o-muscular 
tissues, lie has tued chloioform, elhoi, morphia, caffoin, nitrate of amyl, alcohol, 
nicotin, strychnia, veralnum, dijgitalm, atiopia, curare, c^omdo of pota^ium, &c , 
&c,, and he finds that in tho mam nil these poisons exert precisely the same effects 
on the Medusin as they do on the higher animals A vast number of other ohsor- 
vationa were detailed wbuli do not admit of being bneily abstracted Tho^i© who 
aire interested in the subject are iherefoio ivfeiTcd to tho ‘ Philosophical Trans¬ 
actions/ whore a full account of tho roscai-ch is to be found. 


New Researches on the Klaincal Phenomena coa^^qnent on IrrlUilxon of the 
Leaves of the Ffif-trap (T)ionu?a muscipula), Ihf Prof II ii upon S\NnKiwoj^, 
FM H. 


Aiyparatns oj the Lunfjs, Hi AVilliasi SriBUKo. 


An At count of Finger-muschs found tn the Oicenland Right Whale. 
By Prof. SmuTnEUS, 


An Account of Dissections of the supposed Rudimentary Hind Limh of the 
Greenland Right Whale. By Prof Strutiters, 


On the Structure of the Placenta in relation to the Theory of Evolution. 
By Prof, W. Tuenee, FM.S.E. 


On ihe EffedM of the Mineral Buhstances in DrinJciixg^ Water on Hhe Health of 
the Community. By J. A, Wakeltk 
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\MUttO 10 IOUY 

[lui \ WnHuces Addrtw seo 1(10 J 

On the Ohh^i 11 omun ui fixotlanil B)j Gtjicral Sir J Aimander 


Oa i rh^uomiun maUd ndh Co»f/(^io 7»3 of A/du? 

]iy Prof IUhritt, V li h 


Bn iim Affiu fine X W Buckiam), MAi 

IVlicMiip tilt -^tud^ of Pnuutno ApricultuiL to be of iniportauce m cou- 

iir\uR ^Mth tliG niigmtjf Hfl and social intercourse of ince*^ in the prehistoric times, 
1 have endeav aired to sli w — 

Itit JliL nnti^iiit^ of th(- nit and iIm bearing upon cmlization , that it could only 
1 < urinated onu ng ] eojlt baMiig a setiUd abode, and therefore \vas probably 

tvist pinctiscd iua\eij impel it ct etatc by the'women of tnbeelePtin tenta or viUagea 
to avait the itluiu of hunters—a probability which is strengtheuedby the fact that 
wtuieii aio still the st lo agiicultuiist^ among raunj semicnilircd rac( s 

Jml That although agiicuUine may liaic onginalod in many lands and at dif- 
iiRut many p< oplcs ^et lemain in total ignorance i f it, and the ngiir ultuio 

ol Ihol'i'vtu lacesioii'^) ts in the cultivation oi indigenous roots and fiuits, the 
< uUivatiou of ll c tcuttls being conhned to civilized races and to those iiho hate 
kaint it tliK u^h ciijtn{ t with thtni 

jid lhat the i ij^in and native land c f all the cereals romaiufl obsciue, although 
ftU, fxcejtiig iniLi/(, aio simposed to be indiginous in the easUm hemisphere, 
whil'at umirt ih iiftiimtd to be (f American origin and lo have been unknown 
in the Old ^\ oi Id bi fi ro the time of Columbus 1 hw last assertion T ha\ e ^ entured 
to dispute, fi iui the tact that tiiixollers have found it m cultivation mvanousparts 
ot Asm and \fnca b( foie any inteicourse had onsen 'with white men and because it la 
desciibed in the ^Nieuo ireiball ’ published 1678,03 Ftuniefdum luicxmm or^sia- 
iicxm 

4th That thcio iiu tiac(S in Amenca, China, and ancient Kgypt of a time, 
antenoi to the cultivation of ceitals, when the aborigines of these counliics ted, 
aa the Tacific islanders do now, upon fruits and roots, eonio of them poisonous, but 
i^ndered wholesome by pounding, maceration, and desiccation, and that this pumi- 
live state in these cuuuinis is confirmed by the annals of China, by the testimony 
of Herod jtus, and by Auiencan myths 

6th lhat r similarity in the customs, myths, monuments, and religions of Chinn, 
Egypt, I’oiu, and Mexico leads to the conclusion that a cognate pre-^ryan race 
intiodutcd the cultivation of the cereals into all these countries, ana with them the 
w 01 ship of the Moon as an agricultural deity 

bill lhat the absence of agncultural inipIementH fiom piehistoiic discovencs 
pioves th(ir ixtiomo biniphcitv, being probably only a pointed stick, which still 
ferms thoscle agncultural implement mmany countries, whilst it is not improbable 
that simo c f the stout colls were omplojcd as hoes, and that flint flakes inserted 
in wooden flames solved then, as they do now in the Fast, as harrows and thieshing 
implements, and that furrows and ndges seem everywhere to have been used in the 
cultivation of gram, whilst com-hiJls seem to be confined to America, although 
used m Afiica in the cultivation of mandioca 

7th That the tiaces of primitive agncnlture confirm the conclusions of modern 
tthnologifttfl ns to the early condition, gradual development, and exlcusiv’e mi¬ 
grations of the human lact 


On of Oof/ic and English, Kov Mr C vmphon 
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Oil Hit Vi^ehtsioric Narne^ for Man^ Monleij^ LKCoJy ij(\ 

Bij ll\i)}i Clahkm, M,AJ. 

The writer firet stated that tlie AuHtiolians call the whit^i nmn Waiulti, also a 
word for epint, donion, or an^el In African InngiiaprcM, Waiidmii and AYaui aio 
names for man ' tlio iiamos ioi man in African and Ccntial-Ainericnu liiugun<^^eH 
interchany^ed with those for monke\, lizaid, flog, ot these numerous (‘V.tmpU s wue 
given In A«fl^rian monkr> is‘* udiiniii, 'uhichlio W TToughton compares Avith thn 
Hebrew Adam as ndated to the iinthropoid ap(* The Arj an Man and Son aio found 
in Afiica and the prehistoric woild m such lolation as all Ai\nu pie-histoiie loots 
ai-e There was no aopniate cioalion or dcAolopmtut of ArjianiotilH, though there 
was a selection^ and Sanskiit woid^ may bo found among so nu* of the lowest yn mi go s 
in Afnca This thing la ctrlam,that the Ar^an lunguiig('« were hr'*t those of blacks, 
as are mo'^t of the languagea of the world, and the woids supposed to ivpicsent an 
Aryan civih/ation nie those of the culture of tho inihe^t blacks nnd savages Ho, 
too, as to pnmitivo mythology, in the tacts above elated will peihnps be h)und llio 
origin of teleui worship aud ol unnnal ance&toia 


On IfittiU’y Khitny l[(tiiiathy Canaffntit^ Lifdatny Et^UMtiny PtiintaHy 
^R itcaiiy Bif llviu Cn\UKL, M A /. 

Tins piper embrnccs the author’s investigations on that fiimil} nnd cp^h to 
wdnch he had given tho name of Humero-lViuvlan, but to which theiitlo ot Ihttite 
had lately been given beginning with the (’mmnuiles, tho ITittites, &c , ho stated 
his investigations ns to tho dceiplunncut of the llittito or Hamath inscnptions 
and the Oonoanito terms in the Bible This pai*t embraced in copious tables tho 
parallelism ofCanoainte town names lecorded luHeiiptuio with those of AsiaMinoi, 
pre-Hellenic (Iroece, Etruria, Italy, Iberian Spain (not Ba'^qiio), Babylonia, India, 
I’eni, and Mexico Applying this evidence again tosuppoit the linguistic, tho com- 
niumtv of Etruscan with Lydian aud Ilittite wns afliiined Tho earlicHt culture of 
India was assigned to tho same family Adopting tho nuisa of evidence, tho lan¬ 
guages aud culture of the great kingdoms of America wore explained as being of 
a liKO epoch with tho ^‘Ilittite,” and the phenomena of an ariosted culture in 
Amenca were accounted for Thus while tlieio w'ere pmuts of eonforniity in culture 
nnd mythology, America never shared m thn highest stages m the Homitic or Aryan 
developments Traces of tho tradition of the former communication with the Now 
^Vorid were illustrated. 


On a 800 I 00 Skull, By Prof. Cleland, F li,S, 


On the Phamcians. By C. O. Ukoou NAriEU, 


On the Natives of Butish Giuana, By W. Hakper. 


0/1 the Easteni PniHve-ivnttny, By J, Park IIarrjson 


On the Bodiyas of Ceylon, Bkbtbak F Hakthhohne. 


On Homed Men of Akkem^ in Afnca, 

By Captain J. 8 , Hat and CommaTwier Cameron, F,B. 
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Ort (he LaplandtrB and PeopU of the North of Eut^ope. 
By H V, HiTMnoi.DT V, d. Horck. 


Thf Cla^^^JlcatiO)} of Arrow-heads, B^f W J Knowijs. 

The author objocLod to tho present clasi^iKoation Ouo author applies the term 
tnan^ilar to a slightly lud^'utocl t^po of arrow-head^ oud indented to a more 
deeply indented type, while another includos under the luuuo tnonjnilar both 
triangular and iiufeutcd arn)w-lu‘.ids He al^io objected to tho term leaf-ahape. 
as stemmed and indented arrow -heads often closely leseiiible lefty es He suggested 
that “ovate '* for broad and short, and “lanceolato for tlio narrow and elongated 
forms, would bi‘ moie appropjiate typo namesfoi the so-eallcd leaf-shape. He also 
objected to airow-bf*ads witli four stiaiglit edges but much more cdongftb^d at ono 
end than the oilier Ix'iiig classed as lozenge-shaped This hum has often the edges 
of the base aiohed out\\aula and those ot th*' point inclimug inwards Ho would 
incUido such under the name bite-hhnpcv, and apply the teruilozGnge-fthftped only to 
thost^ arrow-heads yvhich hiul four edges of equal length He would apply tho term 
triangular oulj to arrrow-honds hayung three straight edges , and indented to those 
which were indented at the base, whethej much or htllo Those which had a 
ceutml tang or stem, whetlier birhod or jn»t, he would, to save confusion, include 
under the t(‘im stemmed Ho cousiders that this arrangeniont would retain many 
of tho old toTins with which wo are familiar, and jet considerably improye mattejs. 
Our closaificatioa would then bo stemmed, indented, truuigular, oyate, lanceolate, 
kite-shaped, luznnge-ahaped , and if the term leaf-shaped has got too mat a hold 
to he given up hesiiggosls that it could bn retained and ovato and lancooWe dropped 
for the present 


Additional Itemarls on the Find of Prehistorw Objects at Portstewart* 

By W. J Knowlks 

Tho author inferred to the objects (aiTow-heads, scrapers, &c ) which he bad 
found in pits among sandhills at Portstowart, at the time ho bought tho matter 
before the Belfast mei'ting m 1874, and stated that the most remarkable find since 
that time hod been about a dozen very small heads of serpentine, concave on ono 
side and convex on tlie other, yvhich probably formed part of a necklace that had been 
lost, or which had been placed in an urn at tho time of an interment They were 
all found within a few jaids of the same spot Ho also found one of those stones 
knowm as TSlhuygersteens or oval tool stones , and from being found with the flint 
implements, ho ai^ucd that it belonged to the Stone Age lie also found bones and 
a portion of doer-horn w hich had been deeply cut, and lie endeavoured to show, 
from experiments made by himself ou a common beef-bone with a flint flake, that 
the cutting had been ma»U‘ by flint tools. 


On Bosjes SLuIh. By Dr. Kttox. 


On the Oriyift of Itistinet. By Rov. J. M‘CaxN, D,D, 


On tJie Gaelic InhahUanU of Scotland, By Hector MaoLEAK. 

The author gave some of the results of his investigations into the non-Aryan 
olemont of th<ji Gaelic tongue, and argued for the existence in Scotlaiid of one or 
more pre-Ke* ft races, who were gradually kelticixed by the Caledonians and other 
invaders from the oast. 
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On the Anyluiziitf/ and Oaelxcizing of SurnanxcB, By Hector MacLhan. 

It yraa shown that tho value of surnames os tests of race, nr of the proportion of 
lace-olcmcnts, in the Scottish Highlands, as well as m Ireland, was much impmrcd 
by the frequent adoption, both in the middle ages and m recent times, of Iran-dated 
or of lihe-sounding finmnines leciprocalJy by tho two raujs in contact with tath 
other m those couutnes, and numerous examples were gi\en of such changes, e,y, 
]\raclan into Johneon, 


Erjilomtions in tir Islands of the Coal Sea. By Kkurv-Nicholls. 

of Ni IV llebrtdeSy Banks^ and Setnta- Ci tez Ishindn 

The iialnes inhabiliug tlio«io islands owe their origin to tho snme stock from 
which the wtateru and Nouthein portion of Ne\\ Guinea and the ip«]ands Uiug im- 
inedinloly to tho soulInvard of that country appcNir to have been peopled This 
slock iH evidentU Papuan, and lias by its nmneions and widespreading branches 
not only extended ilt?elf u^er the islands of the Coial 8oa, but as far east as the 
Fins, m whieh latter (ouutry, howexor, tho race has c\idently icccimmI a strong 
infusion of Malay blood 

It 18 probable that the islands w( re inhabited at a xcry remote jieiiod, but at 
what (T’\ population set in, whether at llio first instnnco it xvas purely accidental 
and sul»8(‘queiitly gradual, or whether originally it was undertaken from design and 
accelerated at any particular pc*nod bv political conx ulsions, cannot at present be 
determined, as there is no date on which to rel^ with coniideiKO But xvhate\er 
opinion may bo formed on the identity of the proaenl race, the stiiking resemblance 
in person, feature, lanjfiiogo, and customs which proxails tliionghoiit justifies the 
conclusion that the original population issued from tho samo source, and that the 
pecuhantics and chaiactenstics which distinguish tho tnbes or communities on 
dittoront islands haxe been mainly brought about by long e<‘paralion, local circum¬ 
stances, and the intiTcourso of foreign trades and w Ulers 

Physically considered thtise people are a well-built athletic race of savages, who 
appear to inherit in a x orv marked degree all tho charact<‘riBtiC8 of the Papuan 
race. Tho men average about 5 foot fi inches in height, are erect in figure, xvith 
broad chests and masBi\o limbs, which in many instances display gioat muscular 
development Tho colour of tho skm is usually of a dark reddish broxvn, but some- 
tuTios It IS quite black, and is often covon*d with short curly hair, especially about 
the breast, back, and shoulders Tliey have large well-formed heads, the facial 
angle is about 40^^, w^hilo the cranium m the majority of instances betokens a fair 
degree of mental development Tho features are usually regular in form, the fore¬ 
head high and massive, xvith n considerable prominency in tho region of the frontal 
bone ; the nose is mostly flat, but in some instances aquiline, the nostrils wide, the 
mouth large and firm, tho lips well cut and slightly full; the teeth square, strongly 
sot and very white and oven, while the eye, largo, of a dark biown colour and 
shaded by long lashes, is not too deeply set and is quick and penetrating in its 
glance 

Tho hair, which forms one of the most remarkable features of this race, is dis¬ 
tributed thickly over tho head in tho form of small spiral curls, and when allowed 
to grow in its natural way has a woolly appearance, and resembles at first fflance 
that of the African nogro; but it is in realit;^ much finer and softer The neard, 
which 18 of the same ensp curly nature as tho hair, is worn short. In the northern 
islands tho men go completely naked, but in the southern islands, wfiere the climate 
is slightly cooler, they affect a scant covenng about the loins. They are fond of 
decorating the head with flowers and feathers end of tattooing the mce with red 
and blue pigments, which imparts to them a saraw and ferocious look. The form 
of tattooing, howexer, varies much upon different islands, and seems to serve m a 
disdnetive mark among the various tribes inhabiting them. On the island of 
Tana the natives tattoo each cheek with big patches of red pispment. and wear blue 
streets under the eyes and across the forehead. On the other islands various forms 
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of tattooing pievail, but in IJauka’ mroup, wLor© thei*o appoars to Lavt boon at 
some time or other an admucturo of Malay olood, a totally different kind of tattoo¬ 
ing obtains frim that of the islauds of the southward llore the bodies, especially 
of the women, aio often fonipletely colored with tatlo ) niaiks representmg liice- 
woik of tht most artistic design This at)le of tattouing is often extended so as 
to cover the body entiioly fiom the ftel, o\tr tho fice and t\en to the very roots 
of tho liair Ibis mode of dccoiation is porfoimcd b> piinctuimg the skin with n 
sharp bamboo instnnnent something lik a comb and th n nibbing in a blue liq^uul 
dye obtiuncj irom the juict < f a jdoiit com non upon the isIhuJs \11 the islandc is 
are \try fond of showy ornanieuls in tho shape ol nctklaces made of beads ami 
coloured shtlls they have tl o «oplum t f the nose purc(.d, as IiIsciribo Iht lobta 
of tho cars, into which ai thrust all kinds of dect rations 1 he features of tho 
women aio much flattei than those of the men, and they are in statuie considerably 
shorter, theio are, however many marked exceptions to this rule Their hmba 
me round and well turned, but tho long pendulous breasts ( f the mamed >\omeu 
detract gieally from their otherwise BjmmetTical proportions Their only dress is 
a short co\ering made of the plaited filaments oi the plnntamdenf or simply of 
natiie grass attached to a cord round the 'waist but tins primitive costume laiies 
gicatlj on different islands I met with two Albmoos,—one a man, on the island of 
1 spentu Santo , the other was a woman, whom I fell in with when crossing tho 
isl^d of Vanu I lua fn appearance tluy woie both \crv ugly , the latUr was 
exceedingly stout, and hei skin of a pinkish-whito colour was speckled all ovei 
with dark rod spots about llu si^o of peas, wbile she bad pink i >ts, \pry weak and 
inOaiued and light sand) culoimdhair 

All things considered, tho physical condition of the islandtr-i does not appear to 
monife^^t any sign of degeneiation As a rule the natives inhabiting the vaiious 
islands appear to be health) and TigorouB The prevailing diseases are dvsenteiy, 
fever, and ague, chrome rheumatism, scorbutic affections, oplithnlmia and tlophau- 
tiasis They seem to have little or no notion of ini dical skill, but place great faith 
in charms and incantations for the cure of the diseases frim winch the^ suffer 

In tracing the dutnbution of the scvcial lact s inhabiting the Pacitic Islands a 
marked difference is observable in tho coustiuction and decoration of the various 
implements of war and tho canoes cmplo)id by tho uatucs on various islauds 
The war implements of the Malays are rt maikablo for mntness of constiuction, skil- 
ftil carving, and various other artistic decorations, wlnle their canoes ore lightly 
built, tastefully painted, and inlaid with pearl shell about tht prow, which is usually 
curiouslv caned Ihese canoes are often capable of earning from fifty to sixty 
men On the other hand, among the Papuans their wai implements ore mostly 
terj ludo in construction, and there is fai less of tho decoiatne art displayed in 
their manufactiuo J heir canoes Iikewisi, although laigo, con lay no claim to 
artistic design, while uu some islands thoy ossunio the most primitive form, being 
made simply from huge logs hollowed out by fire T3ut t\eu tlic Papuans them- 
solvee show nvantty of design lu tho construction of thiir weapons, and which 
vanes upon different islands On the idaud of Tana the wai club a fa\ounto 
weapon, IS \eiy heav^. and requires to bo wielded with both hands Alany of these 
clubs are highly polisned, but the uirving about them is of tho simplest design 
On tho island of h rromango the spears ore made entirely of w ood, flic points being 
neatly carved and baibod Tho natives of this island also use a weapon of ovtfl 
shape, in form not unlike the t^dlo of a canoe, the edges of which aie hardened 
by fire and made very sharp 6n the island of Lspentu Santo tho speais are usually 
of ™at length, often os much as from 10 to li feet, tho heads of them ore 
made ol Iiuman thigh-bono, sharply pointed and barbed wliile all are poisoned 
The chiefs of this island, when in full war^ostumo, wear human jawbones around 
the left wnst, and carry one of these long spears wuth three prongs to it and ^harp 
needle-like points ot bone coming a considerable distance down the shaft Theae 
spears are highly pnzed as emblems of chicftamship, and aie handed down as heir¬ 
looms from one chief to another The bows are often of gieat power, end on the 
Santa-Orus t »lands, where Bishop Patteson and Commodore Ooodenough were 
murdered, they are all from 8 to lO feet long, the arrows being os much os 4 feet 
in length. On all the iiJands the arrows arc tipped with human bone, end arc 
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carefully barbed atul |>oiflonod, a aoratcli fi*om one of them being fiuflfloient to cau**o 
death. 


Oti ((n UnK from Vhndle^yhy Devon, By W. Pj^vokut, F 71 S, 

In February 1870, some workmen, digging a pit m a held on the property 
of Mr. W Brodrick, near Chudleif^h, in Uo^onalnre, discovered an uru two feet 
below the surface The um was untortunately broken b> the workmen's tools before 
it was Been ; but Mr. Brodnek, who was immediately cnllod, found its base intact 
and tn sUVf with fragments of bone and bits of charcoal lying on it undisturbed 
Efforts were made to preserve the mtognty of the bottom, liut ulteily failed, and 
the urn is now simply a heap of about 70 small fragments. It is obvious, however, 
that its base was ellipsoidal, and measured about 7x45 inches Mr Franks is of 
opinion that there is no reason to doubt that the um is Homan and perhaps made in 
this countiv Ml Busk and Mr Flower say th(‘re is no suspicion of the bones 
being human, but tliiit they think them, without dohbt, those of goat or sheep, 
with the po^MibU' evt eption of a fragment of a tibin 


On BeJfLS of Totemum n\ Scotland ui Ihstoric Tnnes By J R. ^ILEV^,. 


On the Arthurian Ayph and th Set pent of the An'unti By J 8 Piivvt 


On liryhtdifindedneu. By Jamhs Sniw, 


On the Menial Proyress oj Animals duriny the Human Period 
By James Shaw. 


On two Hlulh from the Andaman Islands By I)r. Aflkn Thomson, 7\2i,S, 


GEOailAPITY 

Address hy F, J, Ev\>h, C B ^ F R S, Captani 7?.A^, Pi evident of the 

Section, 

Two e\ent‘» notable in the annals of Geographical Science have to be recorded 
since the last meeting of the British Aasoctotion, and these events as bearing 
materially on the advancement of our knowledge of geography, ore deserving the 
apecial commendation of this Section 1 refer to the successful utue of Cameron’s 
land journey across the tropical regions of Southern Africa, and to the successful 
completion of the sea vo^’age of the * Challenger’—a voyage which m its scope 
included the circumnavigation of the globe, the traversing the several oceans 
between the 60th parallel of North latitude and the antarctic circle, and the 
exploration throughout, by the medium of the eounding-line and dredge, of the 
contour-features, Uio formation, and the animal life of the great oceanic bed. 
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The K^nerftl resulU of the notable African land journey have already, through our 
parent Society in London, been brought laiyely under public review, and at out 
present meeting many detfuls of interest will be placed before you by the intrepid 
trft\ellcT hiniaeLf The courage, perseverance, and patient attention to the records 
of this long travel Lave been dwelt on by our Inghost geographical authorities, 
and so far it miglit appear superOuous to join in praise from this chair, uevertho- 
leag it 18 to that part of the proceedings of Cameron, the imvarying attention and 
care ho bestowsed on instrumental observulions in order to give those proceedings 
a secure scientitic basis, to which I would direct your attention as being of a high 
order of ment. 

With this example before us, remembering' the country and climate in which 
such unremitting labours were earned out, distinction to the fulure explorer can¬ 
not rest on the mere rendering of estimated topographical details, but can alone be 
fully merited when those details are loriHed hy instrumental observations of on 
order sufficient to place numerically before geographers the physical features and 
charactenstic'i of the exploied region 

Turning now from the lesults of the land journey of (jaineron to those of the fica 
vojago ot the ‘Challenger,’ wo are again ronuiided of the value of repeated snd 
methodically arningf'd lu^^tiuuientnl obscnations in gcogTapliictJ restaicli. With 
our prostmt hnowledgo of tlie sea-board n'gions of the globe, little remains, except 
in polar areas, for the navigator to do m the field of discovery, or even of explo¬ 
ration, otherwise than in those details rendered necessary by the lequircnienla of 
trade or special industries It is to the development ot the siientihc features of 
geography that the attention of voyagers lequires to be now mainly directed , and 
in this there is an ilKmilablo held. The great advance in this direction lesulting 
from the two leading ev^ents of the past vear, to vvhitli I hav^u ruftned, fore¬ 
shadows the geographical lesearch of the future 

Conimuiiicfthons of special value fnini some of tliosn voyagers wdiose good 
fortune it was to leave and ndurn to their native land in the snip * Challenger’ 
will doubtless 1)6 made to this and othe** Sections T tnist neverthidess, aa one 
officially intcieated lu tho expedition from its inception, and as having m early 
days been engaged in Kindred work, and also, as I hope, without being considered 
to have tiespassod on the scientific tomtories of these gentlemen (ground indeed 
sfiwoU earned), this meeting will view with indulgent o my linving selected as 
tho leading tlieme of my adiln^'ts to it a review of that branch of our science now 
commonly known as tho “ IMiysioal Geography of the Sea/’ combined with such 
suggestive matter oa has presented itself to mo whilst engaged in following up tho 
proeeedinffs of this remark able voyage 

It has been wtdl obtH‘rved that ‘^contact with the ocean has unquestionably 
exercised a benefiaal influence on the cultivation of tho intellect and formation of 
the characterof manv nations, on the multiplication of tlioso bonda which should 
unite tho whole human race, on the first kiiowlodge of the true form of the earth, 
and on the purauit of astronomy and of all tho mathematical and physical sciences ” 
The subject is thus not an ignoble one , and, further, it appears to mo appropriate, 
assembled os we are in the comniercial metropolis of Scotland, from among whoso 
citizens some of tho most valuable scientific investigations beaiing on the art of 
navigation have proceeded. 

As a prefatory romoik, I w'oiild observe that tlio distinctive appellation * Physical 
Geography of the Sen ” is due to tlie nccompliNhed geographer Humboldt, it is 
Bomewliat indefinite though comprehensive, and impHea that branches of science 
not strictly pertaining to^ geography ns commonly understood ore invaded. But 
this intrusion or overlauping of scientific boundaries is inevitable with the expan¬ 
sion of knowledge ; ana it is difficult to see how tho term tan bo wisely amended, 
or how the several included branches of physics can bo separated from pure 
goqmphical science. 

We are indebted in our generation to the genius nnd untiring energy of Maury, 
aided orig^ jolly by the libwnl support of his Government, for plncmgWore us, m 
the twofold interests of science and commerce, an abundant store of observed flscts 
in this field, accompanied too by those broad generalizations which, written with 
a ready pen and tho fervour of an enthusiast gifted with a poetic temperament, 
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have charmed so many readers, sad m their practical beanng^s have undoubtedly 
advanced tho practice of navigation 

In our adnuratiun, however, of modern progress we must not ui )ustite pass by 
without recognition the labours of earlier workers lu the same lit Id So early us 
tbe middle of the Be\entcenth century we find^ lu Holland, Barnard Vanerius 
describing with commendable accuracy tbe direction of the greater currents of tho 
Atlantic Ocean and their dependence on prevtulmg winds—the unequal sallness 
of the sea, the divtisitv of tonipt*raturp, as the cuust s ot the diiection of the winds — 
and also speculating on tho deptlis of the sea Van nus s grographical writings 
were highly appreciated by Newton, and editions weri piepnicu at Cambndt^e 
under the supervision of that grtat man in 1072 and lObl 

To Hampier, the ataman, and ITallty, the philosopher, wt owe graphie descrip^ 
tions of the trado-winda as derived fiom personal exporituce, while thtir causes 
wore imeatigated by Hadley, and the conclusion ho anivtd at, that they weie 
due to the combined efle^ts ot the diuinil re\olutiou of the taitli on its axis and 
tbe unequal distribution of licat o\ei ditler iit paits of the eaith s surface, in 
Bubatanco still remains unchallengt d 

To Kennell we owe a masttrly mvestigntun of tho cun nts of the Atlantic 
Ocean, on investigation which for put isioii and a thorough eonc( ptiou of tho con¬ 
ditions afiecting the subjti t will long serve as a ni )del un imitation Ills penud 
covered Bome thirty or lortv years during the tud ot the last and tho bogiimmg of 
the present century At that epoch clironometLis though vtrv efhcient, had 
Bcarctly passed the stage of ii i il, but had nevi ithelt-<s cc iiiniendt d themselvea to 
the lirst navigators of the dnj whost aim it waa to narrowly watch and teat 
this, to them, marvoll us acquisition Itcnmll thus t( inuinnihd nautical obsorvn- 
tions of a high order of merit, Iluae ho iiidividimlU venhed, both for debmimmg 
the ship 8 posilun absoluttly and ulatutly to tin (.omso pursued and our know¬ 
ledge oi eurtate currents was establialied on the neturo basis of differential results 
obtained at short intervals such as a day oi pails ot a day, instead of the previous 
rude oHtimation horn a ships reckoning exUnding ovei a whole voyage, or its 
greater part 

At a later date we have, by lied field, Heed, Thom, and others solidly practical 
investigations of the gjiaton and at the same time bodily progressive movements 
of those fierce and violent storms which, generated in tiopical zones, travereo 
extonsivo districts of the octan, not unfreqiientlv devastating the narrow belt of 
land comprised in thoir track, and on tho sea baffling all tho eaie and skill of the 
seaman to preserve his ship scathkes, while the clear and elegant exposition by 
Hove of their law and its application as one common gi neral pi ineiple to the 
ordinary movements of tho atmosphere must commend iNtlf os one of tbe achievo- 
monts of modem science* 

While for the moment in the acnal regions, wo must not forget the industry 
and scientific penetration of the present excellent secietary ol the Seottisn 
Meteorological Society IIw more recent development of tlie several areas of 
barometric pressure, botli oceanic and continental, bids fair to amend ond enlarge 
our conceptions of the circulation of both the aerial and liquid eov ennga of our 
planet 

Jjookmg then, from our immediate stand-point on the extent of our knowledge 
(as confirmed by observational facts) of the several branches of physics pertaining to 
the geography of the sea, just rapidly reviewed, we find that, resulting from the 
methodical gathering up of ocean statistics ’ by our own and otbei niBritinie 
nations, m manner shadow ed forth by Maury ond stamped by the Brussels 
Conference of 1853, we are lu possession of a goodly array of broad but neverthe¬ 
less sound results. The ercrago seasonal limits of the trade-winds and inonsoonB, 
•with the areas traversed by circular storms, are known, also the general linear 
direction and varying rates of motion of the several ocean currents and streams, 
together with tho difiused valui s of air and sea-surface tcmperatuies, the areas of 
^form baromelno pressure, and the prevalent winds, over the nnvlivable parts of 
th^lolw 

Ibns far the practical advantages that Lave accrued to the art of navigation 
(and so duectly aiding commorco) by the gradual difiusion of this knowledge 
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tliiough the luodium of giaphical rerdenog on rhaiU and couciBe textual deecnp- 
tious, cannot be overrated, still much la wanting in fulness nnd precision of dotou, 
especially in those distant but limited regions nioie lecontly opened out by expand¬ 
ing tiado Stienco views, too, with increasing luterost these advances in our 
knowledge of oeoan physics, as bearing mateiially on the grand i conomj of nature 
essays, brilliant and alniost < xhau'^tivo on eonio of its subjects have been given to 
us by eminent men of our own day but hern one is reminds d, by the divereity in 
th* rendeiing of fa( ts how nuuli remains to bo done in their correlation, nnd 
what an extensive and still evpnnding tu-ld is before us 

The dawning ifl irts of sueiu ^ to pass beyond the immediate practical lequire- 
ments of the naiigator are woithy of n>tt Wo hud—fiom an odmliable papei 
on the TempoialurLs of the Sea at differtiit Depths, by Mr Prestwich, just 
published in the riiilosophical riiinsactions—that m the middle of last century 
the subject of de< p-sea tempi mtiires hrst began to attract attention, and ther¬ 
mometers for tht purpose were deiised , hut it was not till the early pait of the 
present centurj tliat the curiosity of suimtn appears to havt bfen generally 
awakened to know nion of the oclru than could h<i gUaned on its surface John 
lloss, whin in the Vrctic seas in 1A18, caught glimpses of animal life at the depth 
of 0000 feet, other navigators succeeded in obtaining the tomperatuie ot succes- 
si\e la\oTS of water to depths exceeding (lOOO feet, but, so far os I can ascertain, 
Jnnics Rosa was, in 1840, the hrst to record beyond doubt that bottom bad been 
leochod, ** deeper than did ever plummet sound,^ at l<>,0tX) ff et, westwanl of the 
Ofime of Good IIopc 

The impetus to deep sea exploialiou howeyei, was given hy the demand ft r 
electrical telegraphic comnuinication b twecii couutrios seieitd bv the ocean or by 
impracticable land routes, and the post twenty jears marks its steady growth 
Appliances for reaching tht bottom with ctleriLy, for bringing up its water, for 
bunging up its fonnatim, for legistoiing its tneriual condition tn BxtUy have 
steadily improved and thus the scyeral octuns were examined both o\er present 
and piOBpoctive telcgraph-ioutcs 'science, moused by the consideration that vast 
fields foi biological itseoich wire opening up—as pro\od by tbo returns, prolific 
with living nnd dead animal matter rendeied bv thocomparatiy ely puny appliances 
ouginallv used for bunging up the sea bottom—invoked, as btvond Hie roach of 
private enterprise, the aid of Governimnt \V I'tely, eauieatly, and munificently 
was the appeal responded to, and thus the ^Challenger expedition has become 
the culminating effort of our own day 

Wo have now reached, in all probability, n now starting-point in uhrence to 
many of our conceptionH oi the ph vsics ol the globe, and oui own special branch may 
not bo the least alltcted ihere is opened up to us, for examph. oa fair a general 
knowledge of the dtpiessiou of the bod of laige oceanic areas below the sea-level, 
OS of the elevation of the lands of adjacent continents above that umvtrsal zero-line 
We learn for the first time by the * Challenger » rtsults—ably supplemented as 
they have rocentlj bei n bj the action of tho U S Government in the Pacific, and 
by an admirable seues of soundings made m the exploratory German ship of war 
^ira/olle —that tlie unbroken lango of ocean in the southern hemisphere is much 
shallower than tho northein stas, that it has no features approaching in character 
those grand abyssal depths of 11 fS 0 and 23,500 feet found lespettively in the 
N jrth Pacific and Noith Atlantic Oceans, ns tho gieatost reliable depths recorded 
do not exceed 17 000 or 17 COO feet 

Ihe general surface of tho sea-bed nusenta m general ti the eye, when papbi- 
cally rendered on charts bv cont )ur lint s of equal soimdings, extensive plateaux 
vaned with the gentlent of undulafioni IJiore is diveisiiv of feature in the 
western Pacifu Ocoin, where, in tbo large area occupied by tho many groups of 
coni ittUnds, then infeneuing seas are cut up into deip basins or hollows, soijie 
15 000 some 20 000 feet do"*p In the iiorthe u oceaus one is sli uck with tho fact 
that tlie profouuder di pths in tho Pacific occupy a relative place m that ocean with 
those found lu Iho \tlantic lloth abyssil areas have this too in common the 
inoxiraiim depth Jaio near tlio land, the sea-surface tempoialure has the maximum 
d^ee of heat m either ocoiii, and two of the most remarkable ocean streams 
(Flonda-Gulf and Japan) partially encompass them 
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lu the Atlantic Ocean, fVom a high southern letitudo a broad channel, with not 
less than aomo 12,000 to 15,000 root, can be ti act'd as extending nearly to the 
entrance of Davis Htrait; a diMding undulating iidgn of far less depression, on 
which stand thw islands of Tristan tTAcunba, Rt Helena and Aseonsion, sepsrates 
this, which may bo named the western channel, from a similar ono running parallel 
to tno Honth-Afncnii continent, and which ovtonds to tlio parallel of llio Hiitish 
Islands It is jwssible that certain tidal and, mdood, climatic conditioiiH peculiar 
to tlie shores ot the Noith Atlantic inav be traced to tins bottom confoimaUou, 
which caiTies its deep, {anal-liko character into J)a\is Sti'ait, and between Green¬ 
land, Iceland, and Spitzhergen, certainly to the HOth parallel 

Then> ]s, however, oij»* gient feat urn common to all ocomis, and wliich mny ha^o 
some Bignilii unco lu the t untnderatiun of ocean cir( illation, and as atrecUng the 
genesis and tianwlaliou of the great tidal wn\o and oilier tidal pheiiouiona, of 
which we know ^o little—numelv, that thofunge of tlie hi aboard of the gieat con¬ 
tinents and islands, from the depth of a few bundled feet below the sea-level, is, 
as a rule, abruptly prccipitijiis to depths of 10,(XX) and 12,000 feet This grand 
escarpment is topically ilhi'iti'ated at tJio entianco of the Dutish Clinnncd, where 
the tlistftuco between a depth of OtX) feet and 12,000 find is in plates only ten 
miloa Inmgmahou ctui S( urcelv realize the stupendous marginal featmes of this 
common sarfnco-Uepression 

Vast m extent as are these depressed regioua—fur wo runsL recollect that they 
occupy an area three times os groat as the dry land of the j^lolje, and that a 
twmpeintuie just above t)io freeziug-pomt oi Fnlirimlieit piuiails in the dense Imiid 
layers rovenug the’u—life is sustainiMl e\in in the most depiessed and coldest 
parts, while in those areas equivalent in deju-essiou below tho sea-level to tho ele¬ 
vation of Kuropeaii Alpine itgions above it animal life ahnuJautl v pro\ ails, structmal 
forms complicated in nrrangemeiit, elegant m appi'aranco, nnd often lively m colour 
clothe extensive dislucls, other lOgions apparently foiin the hC'piilchral resting- 
place of organisms which win n hriug existed neai the smface, (heir skeletons, a» 
jt has been graphically put, thus laining down in one continuous shower through 
tho mteiv«mng miles of s<a watei ” Oeolopicnl foimations, etanipcd with the 
periimnency ot ages, comm<m to us deni/cns ol the dry land, appear, too, in these 
regions to he lu cour^^i' of evolution; forces involving tlic formation of mineral 
concretions on a giand scale are at work , life is ahunduut ov erywlu're in tho sur¬ 
face and sub-surfaco waters of the oceans , m line, lilo and dejtli, ropi-oductioii and 
decay, are ax live ui wdiatover depths have been attained 

Afl a qiK'slion of surpassing interest in tho gu at sehemo of naiiue, the economy 
of Ocean Circulation, atlettmg as it does tho cliatntic conditioiis of countries, has 
of late attracted attention The goneial facts of this circulation m relation to 
cUmate have boon thus tersely Buninian/od ‘‘Cold climates follow polai watxws 
towards the equator, wai m (funates follow warm equatoi ml sUeams towards the 
poles ” Wo can all appreeiato tho goniality of our own climate, oepw'ially on the 
western shores of the kiuadom, na compared with tho Arctic climate of the shores 
of Labrador,situated on tlio nnine paiallolsof latitude, or md(*ed with tho vigorous 
winter climate of the adjaeent North- Vmeiicau Boaboard, ev(*n ten degrees lurther 
to the south Tluse, and hmdrcd features in other part-v of the globe, have led to 
the summarized gonoralization 1 havejuHt rt»feircd to, hut tho raiioiuda of these 
movements of the watem w hv no meaua uBMiicd to us. 

That ocean cuiTouts wore duo pnmarily to the tiade nnd other prevaibng winds, 
was the received opinion from tho earliest investigation made by navigators of the 
constant surface-movement of the sea. Rennell s views are thut^ clearly stated — 
“ The winds are to he regarded as tho prime uiovors of the oui rents of the ocean , 
and of this agency tho iradc-wituk ana mo/wooas have by far tho greatest share, 
not o^y lu operating on the larger latlf of the whole extent of the circumamhiont 
ocean, W as possessing greater power by their constancy and elevation to generate 
and perpetuate currents " next to these, m degree, are the most 

valetd wmds, such as tho westerly winds beyond, or to tho north and south of^ tho 
re^on of trade winds,*’ 

BO far as I am aware, was the first to record his dissent from thou 
flonorallT received views of surface-currents being duo to tho impulse of tha winds, 
®^ 1870 . 16 



174 


REFOBT —1870. 


ftiid assigned to difierences of specific gra%ity, combined with the earth's rotation 
on its axis, the movement of the Gulf stream and othei well defined ocean 
tuirtnls 

V wiiter of the pie*^* nt tiuio, gifttd with high inductive rea^ning powers, and 
■with ob8er\ed facts befoie him in wide extension of those mvc'^ti^^ated uy Kenntll, 
regaids the i anous oc( an t uiieuts its mt ml t ra of on( grand s's stem of ciiculation, 
not pioduccd by tin ladc winds alone, ik r by the pic\ailing winds propei alone, 
but Ibv the continued wlim of all th< pi evading winds of tl c globe u^^aided as 
out s^stdu of tiiLilalion and, without < xccption In finds Iho dn < ti u ot 
tlie mam cuiiciits of the globe to agxve exactly with the dirtction f tlic piovailing 
w luds 

Vn >thci VMit< 1 (I tlu picsent dav, distinguished foi iiitrll (tiuiL power, lud 
v\ho pirsouall^ Ins di m ltd nnnh tnne in Iho ncqnmlion ot exact ph>sical facts 
btaiiiig on the question both in tho octan iicai oui own shor s and in the Mcditci- 
lancan sea, without d miug tho agency ot the winds ft> lai ns siniivco-dnfts are 
concerned cc naiden tliat ^ iieial Ocean Liiculation is dc] cnddit on tin rmal agency 
alone, lesultnig m the inui rnent of a deep ■«tiatam of polai watcia to the equal jr, 
and the ino\uncut of an uppti sti at um fnnn the equator towards the piles, the 
dist iibano i f h>diostatic ociuilibiinm being pioduced by the men iso of density 
uccasi iitd bv polai cold ani the induction oi density occasu ned bv oquit iial 
heal—and that polar coll rather than equal mil heat is tho pnmu) i luohuc >f tho 
cuculation \.nal( gous \it w a had also boon ontoitamed by ( mtiiiental physicists 
fioui aeo-tompciaturo le&uUs obtained in llussnvu and 1 lench voyages of research 
in the early pait ( f this centmy 

^^oha\( hue picsonted 1 1 ih two distinct conctpti ns of Ocean Gnculation— 
the cue to a great cvUut confined to the surface and hcuzontal m its movements, 
the otlur verlical cxtuiding from the ocean suiface to ita bed andintolving as a 
ruiisennenu ^ tlmt evciy diop tf water will thus [except in e nfined seas] b( 
brougl t up fit ni its greatest depths t > the surface 

^\lththo8 sf^elal hypolhtsu before us, it may be faiily considtred that tlio 
pi-oblem of Occhii ( nculation is still unsolved Tt ibly, too, Iho real Holution 
may itquJM th consideration of physual caiwa bc>ond thoAt which hnvo been 
hitherto nct( pted In attempting tho soluti m, it appears to me iinpoHsible to deuv 
that the agency of the wmds is most active in bunging about great movements of 
tlio surface wateis, tho (fleets of tht opposite monsoons in the India and China 
Hoas fiumshing coiroboiativo pioof Again, the remarkable thimial condition of 
tht lowoi ptmtnm of tho water m enclosed seas, as tho ^leditt rranean, and in those 
bisin like aioas of the Western Patific tut oft by encircling snbmanno ridgesfiroin 
tho sources of polar supplies, combined with tht equally rimarkable condition ot 
cold water from a polai source flowing side by side oi mteilacing with warm water 
from cquatoiial regions, as m the action of the J^biadoi and Gnlf-strcama, points 
to tho h^pothtBis t f a vtrtieal cuculation as aUo commanding iespt*ct 

Iho time may be considtied, however^ to have now anivetf lor gathering up the 
many threads ot infonnation at oui disposal, and by fresh combinations to enloigo 
at least om conccptioiiH, ovtn if wo fail m satisfying all the conditions of solution 
To this task I wiU bnefly address myself 

A giand feature m lenestnal physics, and ono which I apprehend bears diicctly 
on tho suhicct btf( 1 C u**, is that producing icc movement in the Vntnictic seas 
Wo know fiom tho oxpf nence gained in ships (wIiilIi, to shorten the passages to and 
from this country, Australia, and^ow Aoland, hnvo followed the gieat-cucleroute, 
and thus attained high southern latitudes) that ^a^t tracts of ice from time to tira^ 
become disrupted from tho fringe of southern lands liehable accounts have reached 

of vessels frequently running dow n several degrees of longitude sadly hamper^ 
by meeting islands of ice, and especially of one ship being constantly surrounded 
with icebergs m the coiioBpondmg latitudes to lliose of London and I ivorpool, 
exteu^ng nearly the whole distance between the meiidians of New Zealand and 
Cape E w*n, indeed, accumulated records point to the conclusion that, on the whole 
circumferenco of the tflobc south of the COlh paiallel, icebergs, scattered mure or 
less, may bo constanth fallen in with during the southern suinnier 

Iho Antarctic loyages of D IrviUe, Wilkes, and James Ross nesuio us of the 
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ongin and charof^trr of these ice-maases which dot tho Bouthtin eeae Each of 
those vo^ngera \\aa opposed iii hia proOTowa southward {l)lTr\illo and Wilkes 
on tho (j'lth paiallcl, lloss on the 77ui) ny baiiici-chfla )f ict Rosh traced this 
barnor 2 jO mihs in ono unbroken line he doscribea it na one continuous petpen- 
ditulai wall of ue 200 to 100 feet high abo^o the sea, with an unvamna Ie\el 
outline, and piobably ni ire than 1000 feet thick—a mighty and wondeitul object ’ 
Ross did n it oonaulci this ico-bamer as resting on the ground, for there were 
soundings in 2')00 ftt a ftw miles from the rlirt'j, Wilkca also sounded in ovtr 
5000 ftet onlj a shoit distance from the biiiicr 

There is singular ac( ord in tho desciiptnc accounts by W ilkes and Itoss of this 
ice-rogion, they both dwell on the diJferiiues in cbaractei of Antarctic from 
iVictic ice-foiniition, m the tabular foiin of tbo upper surface of the floating ice¬ 
bergs and lliLii striatol appearance, on tho extreme stvtnty of tho ihmatc in 
mid-sunimei, on tho low narometiic pres'^uro expenencod, and express equal 
wondeimcnt at th stupendous turces necessary to break away the taco of these va<«t 
Ko barueis, an 1 tho atmospheue causes neceasarv foi their rt pioiluction 

IVmi tin dnft of this disiupted icowe ha\c fairc\ideuoo of a gn at bodilj mote- 
meut of the w vtLis northward, for it must bo remembeiLd that ict bties ha\e bei n 
fallen in with m tho entuo ciicumflrtneo ot tlu sotitliein seas, and that the^ 
aic pushed in the South Atlantic Ocean as fnr as the 40th piialh 1 of hilifcude, iti 
the boutli ludnn to the 4^th paiallel, and in tlm South Piciho to the Wtli 
imralkl 

In tbo discussion of Ocean Circulation it has bcLU assume 1 thaLwattr iluw'. 
from 1 quatonal into AnUictic areas, thui is no f Mdtiui so fu as I am awart, 
that wavui puiface water in the stnse implied is found south of tht 45th paralbl 
Surlaco stream moiement northward anu eastward apiaars to bo that p( uoialh 
expenencod in tlu zone betwton the Antarctic cucle ana that paiallel AN ith, then, 
this great bodily movement northward of Antarctic wateis in(hided certainly 
between the siumice and tho base, or ncaily so, of these tabular icel>eigs (and thus 
rt presenting a stiatuin certainly some thousand fett in thicknt s) tho question 
arises, How aud whence does the sumily come t) fill tlie cieatod touI ^ Sir 
AVjvillo Ihomson, the loadci of the ‘ Challen'•er ’ sci nlihc staff, in ono of the 
latii of tho many abl leporta he has foiwaidod to the Admualty, furnishes, I 
thmk, a reasonable answer Stating first his views os dt lived fiom study of the 
bottom temperatiuo of tbo Pacihc. Ocean genciallj, bo wiit< s — * AN o can scarcely 
doubt that, like the similar moss of cold bottom-water in the Atlantic, Iho bottom- 
water of tho Pacific 18 an extremely slow indiaught hum the Southein Sea lie 
then gives tlio reason, I am every day more fully satisfied that this influx of cold 
water into the Pacific and Atlantic Oeeans from the soutliwaid is to be refcm d to 
tht simplest and ninat obvi iiw of all causes, the excess of cvapouili a ovtr precipi¬ 
tation of the laud hemisphere, and the excess of precipitation over evsporatiou in 
tile middle and southein ]aits of the vvntti-homispln u 

Befoio following up tho great northward movemtut of Vntaictic waters,! would 
draw attention to a physical haturo in connexion with tidal movements, which 
possibly may be ono of the many links m the chain of causes affecting Ocean 
Circulation Ihe mean tide-level (or that imnmnnry point equidistant from tho 
high- and low-watci marks as observed throughout a whole lunation) has been 
Rflflumed os an invariable quantity our Ordnance ^urvov adopts it as the rero 
fiom which all tit vations are given, the (hium /t?r / foi Great Britain being the level 
of mean tide at Tnverpool Foi practical purposes, at least on our own shores, 
this mean sea-ltvel may bo considered Invariable, although ucent investigntaons 
of tlie tides at Tnverpool and l^msgato indicate ebanges in it to the extent of a 
few inches, winch cliangcR are eniDraced in an annual period, attaining the 
maximum height in the later months of the y eai these hav n been assumed as 
possibly duo to mctooiological latber than to the astronomical causes involved by 
tidal theory 

From an examination of some tidal observations ucently made near the mouth 
of Swan River, m N\ estem Australia, during the progress of the Admiralty survey 
of that coast, there appears to me evidence that m this locality—open, it will be 
remembered, to tho wide southern seas—the sea-level varies appreciably dunng 

10 * 
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the year thus the gi-eatoBt daily tidal range in any monlh very rarely exceed* ft 
feet. but the high- and low-watei marks range during the vear 5 feet. The higher 
level la attained in Juno, and excords the lower loveh which is reached in 
November, by one toot or moio. At Etujuiiualt in Vancouver Island, fairly open to 
the North I'acifio Ocean, there aio imlicationa of tlio sen-ie>el being higher in 
January than it is in Juno , and a distinct oxeoas of the mean le\ol of the tide by 
goveral mohea in Docomhor and January, a« compared witli the summer months, 
■was traced by the late Captain lleethey, It N , at llolybead (see Phil Trans 1848). 
If this surfiico-oaciUation is a gruerul oceanic feature (and some further proofs in¬ 
directly appear m llio Keports of the Tidal (^imimttoe to tins Association for 18(18, 
1870,1872, to which I ha\e justrefeiTed, foi mention is also made of a large annual 
tide of ovt'r three inches, reaching its maximum in August, having been observed 
at Cat iMland, m the (riilf of Mexico), wom.iy ha\o to locogmze this physical 
condition—that the waters of the southein liemisphere attain a high level at the 
period of iho year Vr lieu the sun is to the north ot the equator, and that the 
northeiu witeis nie highest at the period when the sun is to the south of the 
equator This is a queslioii of so mm h luttTest that 1 piopose affoin to rei ert to it, 

Vanations in the sea-level huve been observed, notably in tlie central ports of 
the Ued Sea, where the eniface-water, ns shown by the exposure of coral reefs, is 
said to be fully two feet lower in tlio Minnmer months than m the nppoMito season, 
tlieso dirteicncus of lev el are cnmmonly assigned to the action of the winds, 

Rcnuell, in hiB Investigation of Iho (’mreuts of the Atlantic Ocean, statesj on 
what would appear relnhlo authority, that on the African Ouinoa coast tho level 
of the sea is higher by at least six loot peipi’mlicular in the season of the strong 
H W and southeilj winds (vvlinh winds blow obliquely into the Hay of llemu 
betwein Aprd and September, the ramy season also) than during the moro serene 
weather of the opposite season -tho pi oof b(‘iiig that tin* tides ebb and flow 
regular]) in tlie sevcinl iivtus dining the pciiod ot stiong S W, winds, but that in 
tho (dhor season th<‘ same rivers lun ebb <on<itantly, the level of the aea being 
then loo low to allow th(» iido-wuters to enter the moulhs of tho nvors. It is 
possible that tho cause, here and elsewhere, mny in part bocosniical, and neither 
meteorological nor astronomical m a tidal sense. 

These sevoiol facts m relation to the variations in level of the surface of the 
ocean are interesting, and point to new fields of obs<‘rvation and research. 

Another physicnl feature connecteil with tho ocoaii-lovel is doflerving considera¬ 
tion , I refer to the eflect of the picHsure of the atmosphere. On good authority 
we know that tho height of high water in the English Channel varies inversely as 
the height of tho barometer, tho late 8ir John Imbbock laid it down os a rule 
that a riHo of oue inch m tlio baiometcr causes a depression in the height of high 
water amounting to seven inches at London and to eleven inches at Liverpool. 
Sir James Uosh, when at Port Leopold in tlio Arctic seas, found that a difference of 
pressure of ’BOS of an inch in tlio barometer piodneed a differonco of 0 inches in 
the mean lavol of lUo sea, tU(* gioRleat pressure corresponding to the lowest level. 
Those results appeared to him to indicate that the ocuan is a water-barometer on 
a vast scale of mflgnitic<‘nce, and that the level of its surface is disturbtHl by every 
variation of atmosphenc pressure inversely as the mercury lu the barometer, and 
exactly ui the ratio of tho relative s^cific gravities of tho water and the merouir.” 
When we consider tho exceptionally low barometne pressure prevoibng in fiie 
southern seas, and the comparatively low pressure of the oquatonal ocean-Kones 
Bfl compared with the areas of high pressure in tho occonfl north and south of the 
equator (the latter features a late development by Mr Jluchnn), these characteristio 
conditions of atmosphenc procures cannot exist without presumably affecting the 
surface-conditions of adjacent waters. 

There is vet one more point in connexion with the oceBn-circulation which I 
ventm-e to tnink has not received the attention it demands, this is, the economy of 
those currents known os couutor-equatonal,’* Thoir limita are now fairly aaoei^ 
tahied, an^*| arc found to be confined to a narrow Jione; they run in a direction 
directly opposite to, and yet side by side with, the equatorial streams of both th» 
Atlantic and Pacific oceans. We Imow that they run at times with great vel^ty 
(the 'Challenger ’ experienced fifty miles m a day in the Pacific Ocean), and occasion** 
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ally ia the face of the trade-wind—and that they are not merely local, stretching 
aa they do across the wide extent of the Pacific, and in the Atlantic, dunng the 
fiummer months of our hemisphere, extending nearly across from the (iumea coast 
to the West-India Islands. They have, too, this significant leature, that their nn^^o^\ 
Eone 18 confined to the norlhei'n sule alone of the great west-going equatonal currents, 
this *one is approximately between the parallels of 7® and 10° N , and thns cor¬ 
responds with the belt of greatest atmospherical heat on the earth’s surface. 

That the functions of the countercurrents in the physics of the ocean are im¬ 
portant, must, 1 think, be conceded They appear to uct on their eastern limits as 
leeders to the equat<mal currents, and, from the seasonal oxpan'iion, which has 
been well traced in the Atlantic, are probably more immediately associated with 
some oscillatory movenient of the waters following, though perhaps only remotely 
connected with, the sun’s movements in decimation 


A hnef summary of the thermal conditions of the oceanic basins \\ ill now enable 
118 to review the salient features of Ocean Circulation, and the more immediate 
scientific position the question has assumed. 

In all seas withm the tomd and temperate rone'^, pro\ided anv given area is not 
cut off by submanno barriers from a supply ot polar or glarial water, tlio sea-bed 
IS covert by a thick stratum of water the temperatuie <if which is confined 
between imd .‘0° F In tho Pacific Ocean this cold Htuitum nnist be derived 


from antarctic 9<mrcG8, for the opening of Ikhring Strait m bio small to admit of 
an appreciable efflux of arctic ^vater*^ la this ocean the cold Htraium obtains 
penerally at depths below IKKX) feet from tho surface, with an almost invariable 
isothermal hue of 10° F at from 2500 to JiOOO feet Irom tho surface Similarly, 
m the Indiau-Ocean basin the cold stratum at the botbim is domed from 


antarctic aources , for tho bmiperattmi of F. underlies tho hot suifoce-wators 
of the Arabian Gulf 


In the South Atlantic, autaictic waters, with a boltoni-tempcMture of to 
83°5F, certainly cross tho equator the Is'd of the North-Atlantic basin theji 
worms up to 35°marked diversities m botl^the temperatures aud thickness of 
the 8 UCCOS 81 VO layers of water from the surface downwards are found, and in tho 
Central parts of tho bosm it is not until tho vicinity of the Faroe Inlands is reached 
that arctic waters of an equivalent temperature to tlioso from antarctic sources 
are expenonced. 

Turning now U) the scieniific aspect of tho auestion •— 

The doctnue of a general Oceanic Tliennal Circulation a^sumos two general pro¬ 
positions*—1, the existence of a deep under-flow of glacial water from cnch pole to 
the equator; and, 2, the movement of the upper stratum of oeoanic water from the 
equatorial region towards each pole, as the necessary complement of the deep polar 
under-flow—this double movement being dependent uptm the disturbance of 
hydrostatic equilibrium, constantly maintamod by polar cold and oquatoriaJ 
heat.^' 


Proposition 2, in its general application as to tho movement of flurfoco-waters, 
is unquestionable; but that of a deep under-flow from tho poles, as a necessary 
complemont, remains open to doubt Proposition 1, in its wide generality, must, 
what we know of the Pacific, be confined to ihc Atlantic Ocean, audit 
appears to me that it is on tho interprotation of Iho movement of tiic waters m its 
northern basin that tho hypothesis of a vertioKl cirrulaliou, mid tho potency of 
thermal agency in bnnging it about, must be judged. 

Wo have followed the movements of nptarctic waters in tho Atlantic to the 
40th parallel, as illustrated by the progress of icebergs ; wo know that the move¬ 
ment deflects the strong Agulhas current, aud that the cold w aters v\ ell up on the 
western shore of the ^uth-African continent, cooling the equatorial cuiTent near 
its presumed source ; tho thrusting power of this body of water ib therefore great. 
About the equator it rises comparatively near to the Burfac e. Put we now come 
to another and distinct movement, the equatorial current^ and on this, I appre¬ 
hend, material agency of the winds cannot be denied, m forcing an enormous 
msM of surface-water from oast to west acroBs the ocean. The Gulf-strcom re¬ 
sults ; and the comparative jiowers of this stream, as especially influencing the 
climate of our own and neighbouring countries, together with the forces at work 
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to propel ils warm wateia across the Atlantic, ha^o become tho control eisial field 
f»r the uplioldtrs of hoiizontal and \eilicAl emulation Iho one hjpothesia as- 
BigTis to the Gulf-^itream nil tho benthcent po\Ntr of its pronial warmth, extend- 
in;^ e\en bo\oiu\ tho \oiUi C ape of 1 mop , which has been conceded to it fiom 
tho time of I lanhliu The othd hypothesis nducos its capacity and piwer, con¬ 
siders that it IS disinte^fiah (I in mid Vtlimtic, and that the modihed rhmate we 
enioy is brouglit b\ pie vailing winds horn the waim area aunounding the stream , 
and to this his been more rocontlv alhd, * by iho hoating-powci of a warm sub- 
fluiface stratum wliise si iw uoithwaid inovtmont arisis fiom a coustantly re¬ 
new bd distuibancL f tlu imal e piihbiimu between the polai and equate rial portions 
of the occame aua 

\VithouL d living the active pow i of this disturlied thoimal equilibrium— 
allh )Ugh in tins sjeeial f lat it is an abstiactiou difficult to follow — and giving due 
weight 1 J the manv cogent facts v^UkIi hive bom brought forwaul m support of 
both view^, th le appears to be still a conmcling liul oi hubs wanting to acc mut 
f(r thcsmtJiein rnivemerits nf arctic wiitcis which movunents, (o me, nie even 
more remarhuble as phjsual plioii nitua thin th traiislati m ot the w irm wateis 
Irun the (3ulf Hticam aiea ti a high northern litiludc 

ihis ni )veni nt ( f nii Lie wat< is is f ncibly illuslriled b> the wmUi diifta down 
Davis Slrait < f the ships ‘III solute, ‘lc\ ^ Advance, and a pait ot the crew of 
the ^ Pul ins, when cncl >acd in jiack ire, evoeodiugin ponu citje?fl a thousand miles, 
similailj }>y tin winter drift ot a put ot the rtermaii expe lition of ]H70, deiwn the 
east side of Ciitcnland from the latitude tf 72° to Cape 1 aiew 1] II to tin se cv- 
ampUsweahl the evpeiienc il Pau> in hie numoialile nttmipt to leneh tho 
"Ni ith Pole fioin spit/bei;,tu m the sumnn i of 1827 it must bi mfened that a 
p leimial ff )W c t suiftci wat r frmi tin pilai ana into the Vthutic (btaiii«, and, 
lulling film tin sti ngth ot the wmt i m rlheil) winds, tliat the outflow is pro- 
babl\ at its inaximn u slicngtli in th i ailv months of tlu \eni 

Whm we fiiilhd hiDw that the iiortluiu movonnut of warm waters gives in 
vinU) a laige afcts^^i n of tmipciat^^io ti tho west coast of Scotland, to the Faroe 
islands and, \t( nding to the coasts of Norwav, as far as tho Noitli Cane, tho con- 
Kidfiation mi es whettier this i nwm 1 movimcnt of waters fi m soutliiiu sources 
IS n )t the mil edi^ite cuust of diaplaienunt of the waUi in the polai ana and its 
forced utuiu al >ng tlio diannels mdicited by thiso vviutci dufls to wliieh I have 
Ti f lud 

J hat some iinl) ilied fir and unHUspci ted cause is the gieat agent m foicing 
Mmthcrn waters lat > the Atlantic polar bwiu has 1 mg fouid itsolt on my convic¬ 
tion, and I now su^pict it is to th< cause producing ih annual variations m th( 
sea-levfl (for, as I have mentioned, indications exist ol the seas of tho northern 
liomispbue hiving a higher Icvd in wintoi th in in summer) that wo must ebroct 
our attentnn bt (oio th full solution of Ocean Giuulation is accepted 

The facts ot tlio annual changes of sea-level, whatev er iho^ may ultimnt 1^ piove, 
Invo hithcito langcd tlumspho as a part of tidal actum, and so escajel general 
atUiifion Plnsuists wdl know iJic comilication of tidal plu nomena, and, if one 
maybe perimtled to sav, the impf rft clion of oui tidal theory, cti tain it is that 
the tides on the 1 urupenn c msfs of the Athutu me so fai ubnornial, that one of 
our btst aiithouties on tho puhjict (Sn AVilliam ThomflonJ describes them (in re¬ 
lation, 1 asflunu, to tidal theoiy) as iiiegul irly simple, while the tides in all 
other peas * ii <ompaiftti dv cimplicated but legulu and explicable However 
this may br spLCiahsts shoiifd dirict tluir attonti n t > the diaentanglemont of tho 
vaimtionsin the soa-hvtl fioiu tidal ai tion simple, and our colonies, espeoiallv 
tlioBo m the southern heniisp ure, would bo evccllcnt fiilds fur the gathering-in of 
reliable observations 

I am unwilling to leave the subjoct without (lacing some of the consoquencos 
that mfht be fairly considered to follow this nssuuiod change of level lu the 
North- Itlantic bitsin Wo can by it conceive the gradual working-up of tho 
wanned water from southern sources as tlie winter season approaches, includinff — 
the expansion of the Gulf-stream in the autumn months, tho consequent welliug- 
up of a head of water in the enclosed and comparatively limited niea northward of 
Spitzbergen, Greenland; and tho broken land westward of Smith Sound, tho 
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foiccd return of tliorio glacial watcra, then ffieatest volume soclung tlu most Quect 
course, and thus woikiug down the Labinaoi const chaigrd witli ict au I poflsing 
the Arnencau coast inside (he Golf-stream cvlule the smalhi leachjug 

tho liighei liititudta lu mil \tlnnln-, mterinct s with tho watiu huiiier AvatciH, 
c mating those altcinatiug hnnds oi toll nud wnnu «n as faiuihtii to ub liom the 
‘ Ijightmng md Pok upiii ('bBtnatiiiiH nt Iwli li ni no\/h u ^ w iilccd out 
bv tlio \oiwo)^o n ( \|loimg i \p dition m tin \einnient «<hii) ^ n ig u 

\N 0 nn fuithii confcntlJmt tho Hig i luucti ii f Iho ‘ t uut i jiiluIb ui 

the uuith cl Iho pi at c t|uat iiiul ‘'tre mis ih to act ns con lulls f i th mir- 

ebarged wat rs c t th uoilh in oc nnacjns juontcnlh ^ridu il cl nii^Ls itbsel 
The Atlantic c uulcicuru n(, wt ki aw t \paidB inukedlv in tin lutiin mil sc«s( n , 
and there inn^j bo puno < imcxicn btt\c( n thiscvpan k u nn 1 tho high let cl f tJio 
wall IS snitl to exist in tlu Gold-( oa t anl (lUinta bi^^hts at the ^aiut h asm 

We aio thus, ns itnppoiM I on u w uly -ni tin thre li Id of a Hipc in 11 of 
inqmiy hcaung on the 1 1 i\b csl (<o ^in)>li\ ct tlie S a 1 ut w 1 n\f this nd\ \n- 
tnge iht adiniinblc cUscnssi lawliub hnAc tnltn | la ii th ^ nst i w ^ an, 
piodijclno as tli \ 1 aiob u of tin inaisliallmp ho ts t \ il mbh fn will li^ht n 
the lab nil H of those w In ( n^ng m th ]i tc ti n Si ice is le pl\ ii d hi I to, 
and T nin huu h ii ui tho < wh 1 \c b cai ust!\ ^s irked n iho ji ning inipcs 
of tho coniin »■ chapLci ii ()i an ( uculiition 

Unwilliiip^ly I ttiin li jm this int looting Hub(((t but the d imipscuni'v timo 
and yourpati ncc ai imp laln as fdl^win^, ji rc 1 nt, it is i icunih nt n mo 

biufly to niiUri un 1 \ thoiiviiw >t the \ssociiti i th lat t iniocoidod iin dents 

in gtxjgriphicul prujric oi rcscaicli 

The 10 IS one ah'* ibing ic [ ic w hu !i, in the c > u-* of a f c wcel s oicicn dn^ 
may altiact pc ntinl jiilCKst I i hi to accounts cf ui VicticT vp d tion It is 
pofiBiblo that, while I am n w acidic *«ing } ni, th ships * Ah it and ^elv/ 

favoured byline s h us may Iiayc in tlmr cndoiiouM lo it iJi livh noitluiu 
latitudes occ nuplished all that human Rkill and cncigy can do and, b\ foituitous 
ciirunistancesjsctuicd iJieirieturn eouthwaid thiougli ‘^mith S mud with tin same 
facility, w< ]ia\( icason to hope as they <jyt<iod a\] at we puj p m to bo llmt 
nutnblo gatt.wa> 1 1 tlu Pole It bO they arc now fanIj in Davn Stisil homeward 
bound W( must not i gard this cstiniati cf pioguss as xisionaiv 1 i, tlu cou- 
diUona bung favourable the limo ut Iho disposal c 1 tin \ is amj 1 ft la 

the \ftryuig conditions of nutic peaticms w< niu tre me nib i llmt b dll tho loie- 
coetH 01 the mist expenc need me lie exj < it'> 

Should uufa\ unable conditions, oi the du isi n of the Chief d lain tho slnpa 
another >ear in tlveu icj eiunilti'* wr hn^c leudon 1 1 hope that adMcta will n ach 
us of then wLerenbiuts in the spring f tIuH )cnr Iho spiiited t ntei|iiho of tho 
wcll-tianud arctic naxi^aln, Allan Aouug, i?uppoJte 1 ns lu his breu b^ the 
tlovcmmcnt oilers a suio guaianteo that the kiiuirt Nana and ^tijhonson will 
1)0 ably seconded an thoir cilorts to keep up communication with then (t nntrvnieu 
Here again we must not foigot that bafiling conditions may defeat the inlentiona 
of tho coinninnd is to cemmunicU in time wilh the dtp( ts at tlic portals ot 
'^mith ^onnd 

Tins pioloiip^od hauishmcut from iiilei'Couiso with the out( i woild howeiei, was 
a contingency anticipated and proxidtd foi by tliat nib romnnttio of arctic 
oihceis who, with a full senoo of then lespon'^ibihiv, bo fully nd\is d llio (lovom- 
luent in every phase of this u itzonal iincfertaking \ Ihiiliauunlaiy pupei, pub¬ 
lished during thw Bc-^sjon gi\C3 tho fulleat paitieular) relating t t tho progroBS ot 
tho expedition and the Bttps which have b<tcn tal\.en to coinmunicato with their 
depdts 'lluic w a long chain of cc ntingcncics to bo aKendcd to, aa will he seen 
on refu*ence to tlie inlciesting details therein given , hut I vtntuic to think that 
not a link IS missing, ciihci in tho conception or in tlio lutmis | lovidcd, to bnng 
the undei taking to a successful ibsiio 

There is one feature to be kept in view—which fiom the exceptional conditions 
of flhip-navigfttion in tho icy regions of tho far north is rarely icalued, unless by 
those who havo had actual expenence in polar scrv ce, and it is this, that between 
the time of tl e disruption of the old ice in August and tlio foimation of the new 
m Septcmbei, Ihtio oxiets a vciy shoit period when ships aie fre*. to move I'hu 
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penud of opou or paitially open water may be sbortened by unfavourable circum- 
fttances, ancf inre it may bo assumed, however, that in a straight fairway 

channel eucli as Htiuth fecund, it almost always does occur, and ns the i-eturn 
southwnid, on account of the diift, is alwats more tssily accomplished than the 
advance north, the proat probability is that, if th( ghijis remain out another leai, 
it will be the result of dt si^n i itli i lhau af (i h nt 

By the Vaih in eutai} papti*^ r lalnig to tht cvptdition it will be scon that, in 
the event of the non oriiMvl ot the ^ Vleit and I>iwo\ery duiing the autumn 
of thiH >car, a relict ebipwill b d patclud to ircndc/voua in Smith Sound dming 
the sumuK i of 1 ^77 

A\ith re^iid 1) ifnen oxploiafion and discovirv liave procend d with nece’e- 
rnted stnd ^ diinUrC the past It w >ears 1 vtn hi ico the uccut data of Oamtioiia 
lemarkable j nunev aciodstbt i niin nt imjoitxnt lul htims have been made to 
the lapidlv fithn^r upmipof lli intend M st ot tht an additions relate to the 
great lalvt 4 i '•aidiid which our hn )wl dge w as pjevioiislv vtiy incnmplLto and 
uiiHiitHl icloi \ thus All dolin'* Ilia ii nec 1/iinibcHi tia\ did, w ho under¬ 
took lrt<4t 11 ti had the Scotch Mission iry party to Lake Nvassn has succeeded, 
G^taulidnug the missiou irv scttl mtnl ‘ liviupstoiii ^a1 tlu snuthem did 
of the like in Teaching in 11 steciri launch the n rtlu lu tnd ol this great fresh¬ 
water at a hn Ung It to be full) one Iiuudied links huger than was prev^yisly 
believed llis numiy was made lu lebruary of the pnsent var, and in-the 
following month the atdl mon impeif illy knomi lakt, Vlh« rt Nyaii^a was buc- 
cossfulU navigak lb two bo its iindtr Signor (lissi who xvas deapatebod lor this 
purpose by t ilondti id n tlu piistnt (loxtinoi of the new cquatonal province 
of tno Khodnoa donum n« Ihc details cd Signor (Ichhi s mtei eating ixploration, 
communicated by himself to the I»r <*1 lent »t the Tfoval Gi ographical Society, 
have ouly lecintly nnchi I 1 i I ind, and it la pioposcd to rind them m the course 
of the present nucting 

A third and equally imp itant e\ploraiion ol the same class is that performed 
duung the same eailv mmlUa of tlm pieaent vear by that energetic traveller Mr 
Stanley After cmumnavigating the much largei neighbouring lake, Victona, 
an 1 pioMiig Spek » much di puted t sfirnntc of its dimoiisi >nB to be approximately 
contft lu pusli lbs wa> across the dilhcult tiaot of coimtiy Bcparating the 
\ i( ton i and tliQ Mbcitlalc h reaching the ahoros of the latter in tho middlo of 
Tauu iry I ess f nlmi itely situated thnii Signor Glssi, wb i viubarkod on tho lako 
twi Tiimtha 111 r, St ml y was unable to launch Iiw bo it ou tho then unexplored 
Bfjuthnrn p )rtions of Us waU rs A compinson of the accounts of the two travellers 
shows lb it we aio yt t far fiorn I nowiiig the true dinu nsions of this gi'eat sheet ot 
water Sign u Oessi in fact did not uatli its southeui oxtiemity, and as Mr 
Slanlev appoarH to have struck lU shoroa at a point ab^iit thnty miles further 
south than tho hnutR maiked by the Itn inn tr ivelkr the lake must bo conftidorably 
1 mgor than 140 miles as estimated by (ho latter Stanh y subsfsjuontly proceeded 
south and explored tlio Ivitanguld river of Sppko, thinco striking foi Lake Tan* 
ganvika, the oxamiuation of which In intondcd to (oinpletc 

I^ew (xHuua has of late atUacted some attention both at homo and in tho 
Australian Colonies, rxther, however from pohticiil than geopaphical considera¬ 
tion^ Our intorest is i f courfif lu the latter mid I am glad ine mooting will 
have the advantage of the presence of a gentleman (Mr Octaviufl Stone, recently 
airived in Lngland) who has distinguished himself in tho exploration of the 
south-eastern shores of fhn distant, lutlo-known, and baibaroua logion, to him 
we must refer for the latest geogiaphu al tacts 

With your permission wo will now enter on tho Rubjocl^inattcr before (he 
Meeting 
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Oa a MW BowU te the Sources of the Niger^ By A. Bowdsn. 


On the Specific Omviiy of the Surface-water of the Ocean, as observed during 
the Ct utse of B,M,S, * OhaUenger.^ By J. Y. Bucha-ITan. 


On a new Deep-sea Thermometer, By J. Y. Buchawk. 


On his Journey through Equatorial Africa, 

By Commander V. L. Camkron, 0,B, 

The author naid that soon after entering the country hrom the oast coast he came 
to a large plateau, 4000 feet in he^ht, encircling Lake Tanganyika^ and forming 
the watershed betwoon the Congo ana the streams flowing into Lake Sangora* 
Another tableland to the south rose to the height of 3000 feet The watershed 
between the two basins of the Lualaba and the Congo at that part la a large, 
nearly level country, and during the rainy season the floods cover the ground 
between the two rivers, and a great portion of it might easily be made navigable. 
On* thing he noticed in Africa was this system of watersheds, dividing the 
country into portions, each having its own pi'culmiity, and also that in each there 
was n difference in the habits of the natives. Within twenty days ho crossed the 
Nsagra Mountains and came upon a level open country where a great quantity 
of African com was grown, the stalks of which rose to the height of from 20 to 
24 feet In this country no ammal cotild live except the goat, tne tsetse fly being 
destructive to all others. The pnncipal geological formation was sandstone. A 
few marches brought him to Ugogo, an extensive plain broken by two ranges of 
hills, composed of loose masses of granite piled together in the wildest coui^ion, 
Thu soil was sandy and stenlo. Coming to the country of the Ugari ho found a 
tribe almost identical with Unyamwesi The principal streams of this district fall 
into the Mulgarozi, Unjamwesi was the commencement of the basin of the Congo 
Uo behevod tnat the nativ es of Unyamwesi wore of the Malay race; they had crossed 
a great deal with negroes,and hoa lost the distinctive colour and distinctive marks 
of the race, but their features were much the same as the dominant races in Mada- 
gucar Ugaro la n large plain veiy nearly quite flat The people here were 
different from the Unyamwos.ans, they had not got the same features or the 
same tnbal marks. After passing over the mountains of Komendi, which are an off¬ 
shoot of the mountains round the souUi end of Tanganyika, llicy came to a fertile 
land, much of it laid waste by the ravages of a neighbouring tnhe. All the moun¬ 
tains in that district were of granite. There was there a largo quantity of solL 
and what was remarkable was Uiat the rivers ran perfectly fresh through soil 
winch, when the natives dug wells, gave water which was full of salt At Ujiji 
the pe(m)e are of a different race from those already desenbed, as they shave their 
hair differently and have not the same features. Along Lake Tanganyika in some 
places there were enormous cliffs and hollows of rugged grande lying in loose 
boulders, in other places the cliffs were of red sandstone, and in others a sort of 
limestone and dolomito At one place he saw exposed on the shores of the lake 
large maues of coal. Passing down to the south end of the lake, he found it 
regularly embedded in cliffs 500 to 000 feet high, with waterfalls discharging 
themsel v es down the face « 

Travelbng idong the side of the lake he came to the Lukogo, a largo river more 
than a mile wide, nut partly closed by a sort of sill on which a floating vejMtatioQ 
was growing, a dear passage, however, being left of about 800 yards. A&r pro« 
ceednig some four miles up the nver, tbe author's boat got jammed amonnt the 
floating vegetation which grows to the thickness of two or tliree feet, and it was 
with difficulty the boat was extricated. The Kasougo country was next reached, 
the principal characteristic of which, was the extraordinary trees, of which boats 
a fathom wide ore sometimes made. Crossing the mountains of Hambora he 
arrived at Mamyuemba. Here he found the race entirely different from any thing 
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he had yet seen Tlie houses were differently built, the people were differently 
armed, dressed their head differently, and there was no tattooing to speak of. The 
viUageH were built in long streets thirty or forty yards wide, o or three streets 
being alongside each other, and a space left between the houses, which were of 
reddish clay, with sloping thatchod roof—the only houses of that description he saw 
in the interior of the countr} All the Mamynembans are cannibals. Journeying 
northwards, but still in Arainyiu-niba, a distnct was reached where iron was \ery 
plentiful, and where largo forges were at wnrk. Many of tho snears and knives 
which turned out looked as if finished off by a file or polish ea bv soinc means, 
although all done by hand-forging and pulieiit labour Tho Ijualaha Knerwns 
next reached, which is about IHOO yards in bicndtli The southern shore is occu¬ 
pied by a trib(‘ called the Wageiiga, who do the whole carrying buemesa of tlie 
rner, being the only ennoe proprietors, who take for nay tho products of tho 
country to the diffejent niaiketa. The young onion niUKe iiunicnao q^uaiititios of 
pottery in the mud and buck water, wliith they exchange lor fi^h 
After referring to a country between Nyw aup and Loaini, where a palm-oil grows 
in great profusion, the author suid that he tra\ersed Kilemba, and reached Lake 
Kigongo This lake is co^ered with floating vegetation, on which the people 
build their liouses, cut a space round about them, and so transform their habita¬ 
tions into floating islands, so that when desirable they change tho locality ftom 
one place to another. Coming to the coast ho passea through one of the flKut 
magnificent countnos m the world to look at, possessing a climate in which any 
European might live Tho Toitugueso had been settled in this neighbourhood for 
thirty years The whole of this country was just ono vast slave-field. In the 
countiy there was a \ast mineral wealth and an ordinary population that, with 
education, might be rendered very imhistnous instead ol carrying on n continual 
warfare against cm li other for tho piu*j)ose of obtaining slates 


On hi$ Recent Explomttom tn N W, New Ouinta, 

By Signor G E. Cerruti. 

After several visits to the islands and part of the mainland on the north, the author 
was in 1800 sent out by Count Menabrea for tho purpose of making inveatigationa 
preliminary to the formation ui New Guinea of a penal settlement, he securoa at the 
same time means for turning his expedition to profit geocraphically. He believed 
that a great part of the region from tho Xulla Islands to New Guinea, and perhapa 
more to the north, had boon subject to ^e^y important volcanic action m an e^ioch 
not very far distant, and one could ace the work now going on, the western coaat 
showing gradual subsidence. But whatever the origin of the islands, they were 
now covered with a vegetation winch be had not found equalled in luxuriance in 
any part of the w'orld. He urged m strong terms the colonization of New Guinea. 


Obsei^vaiioni on the White Nile between Oondohoro and Appnddo* 
By Liout. W, H. CnippiKn\LL, li,E. 


On Peralc and Salangore. By W. Barringtok D^Auieida, 


OhurvaHom on the Conventional Division of Time now in was, and tU Die- 
advantayee in connea^on with EUam Commumcaiione in different parte o/ 
the World, with Remarks on the deetrabthty of adopting Common Titne 
ovei* the Globe for Ratlwaye and ISUam-Shpe, By Sandpord FLimxKa. 


On me Site of the Omve of Qenghiz Khan. By Frofesaor Fohbm, 
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On the Samoan Archipelago* By Littoit Jb'oiiBr-fl, M D* 


On Akctn and its Peoph\ Wnt Afnrn Ihj C'tipt J S Uav. 


On the Ueoloijmd Di&tnbnUon of Oceanic Deposits, By J Mukuav 

Thew depomU were stated to be of three classes —fiifjt, tlioso whioli wcie found 
all round the continents and islands existing over the world, without any exception, 
but which varied according to the places wliere they were found , Hecondlv, those 
found at from i?00 to 300 miles from the land, consisting of shell end lime deposits, 
and co\i*nng most of the bed of the ocenii, thirdly, those existing at other depths, 
and which weio of siliceous tharacter OhHcnalJons hnd kIiuwji thnt a cuiiouft 
rtdation existed between the natuio of the deposits and the depth of tho water. 
It was also pointed out that m t!ie neighbourhood of \olcanic islands, and m no 
other places, were found large dep<isits of nuingnnese, eoutuig tho shidls and other 
things brought up from the bottom 


On the Islands of the Coml Sea By Knunv Nichols. 

The Ooral Sea embraces that poition of the Pacific Ocean extending from the 
south of New (luinea, w’estwaid to the coast of Austialia, southwaid to New Cale¬ 
donia, and eastward to the New llebndes. Tho Now' llebiides* banba and Santas 
Cruz Islands, the author said, are an almost coiitniuou^ rhnm of leitilo \olcamc 
islands, extending for a dislHnco of 700 miles, between the paiallels of 0 45' and 
20° 10' south latitud(», and the nierubitns of 1(T>^ 10 and 170° ^1^1' ont*t longitude, 
Esniritu Santo, the largest island of the aiohipolngo, wa.s Mjventy-ll^e milca long 
ana forty miles broad. The geological formation of tho islands w'os (omposed of 
volcanic and sediniontary rocks l^bo chain of primary >olcamc upheaxal might be 
traced runninij in a general cuurae longitudinally through the islands always m 
their longest direction, the axis (»f eruption binng marked by active and quiescent 
volcanoes. On the north end of the inland of vsnu La^a tlieio wvre extensive 
springs of boiling water, solfataros, and fumarolt's Tho hot springs were of two 
kinds.—some were peimaneut foiinlains where water was in a constant slate of 
elmhition, others were only intenmttent, and tho water became heated at certain 
intorvols, when it varied from a tepid degiee of heat to boiUng-poiut The phy- 
sdcal features of the islands were remarkably bold, and betokened at first sight tbeijr 
volcanic ongin The plains, tablelands, and ^ alleys of the mountain region were, 
many of thorn, of considerable extent. 


On a Journey acroee Finland^ from ElUnhory to Archanyel ua Keim, 
By Ref. J, P\ter80X, 


On Travels in STunM in the Footsteps of Bruee, 

By CoLR. L. Piatfair, H,M, Consul-General hi Alyena, 

The paper gave a narrative of the anihor^s obserxations mode in the course 
of a journey in Tunis over places Visited by Bruce about 176.1, Thero had been 
recently put into Col. Playfair’s hand for publication a largo number of Bruce’s 
sketches, of which his Barba^ sketchos were, be said, tho most intercstang, form¬ 
ing about 120 sheets of drawings, completely illustrating tho archaeology of North 
Africa. In those circumstances, the author Lad determined to follow Bruce In 
his joumev, and to satisfy himsetf ns to the present condition of those interesting 
ruins, whfeh were almost unknown to the modem traveller. 


1? 
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On some Points of Interest tn the Physloal Co^ifortna^on and Antlqiiities of the 
Jordan Valley. By Professor Pobteb, 

The general geological structure of the valley, the author said, was lime, and of the 
same age as the basui of the Sea of Oalljlco, and its siuface was flat, T^e breadth 
vaned from three to ten railes, extimding a htUo towards tlio east, and from the 
nature of its thick alluvial covenng, it was of more recent formation than the 
mountains, of which the soil was the deposit, the \ alley having been at one time ap¬ 
parently a lake The 1 liver Jordan, as it at pit'sent existed, could have had nothing 
to do with the formation of tlie valley itBclf. lie recommended to the notice of 
men of scieneo that geological remama on the site oi Sodom and (xomoirnh pointed 
to an explosion of bitumen much later than the ordmary geological formation, and 
probably within the histone period. 


Notes on the Hirer Pntnmayo ot South America. By A. SiMi 


On his Recent Journeys in Neiv Quinea. By Ocpayivs Stone. 

The island extends in a south-easteily direction for a distance of over 1400 mile/i, 
having a maximum width of 460 miles and a minimum of only 20 The neigh¬ 
bourhood ot the Bavter liner and the entire shores to the west of the Papuan Gulf, 
for an average of lOO miles inland, were low and more or less swampy, being inter¬ 
sected by wateicourses and coioiod with forests of mangroie-tn^os. This part of 
the countiy was thinly populated by the DandiS Papuans, who in cousoquence were 
subjected to jieiiodical raids from the adjoining islands of llorgu, Haibsi, and 
JDaun, the invaders generally returning victorious with the lieads or jaw-bones of 
their slaughtered victiinn The only trace of cultivation he saw was 80 miles up 
the riv^er, wheio a space of six acres had been neatly fenced round and planted 
with yams, laras, sugar-cane, and tobacco. Outside tbe enclosure were two or 
three umnnabited bark huts, which appeared to affonl shelter to these roving 
psople, in which they prolonged tbcir stay as game was more or less plontiful. 
Traces of wild boar nna kangaroo were observea in the Upper Baxter No other 
largo ammnl was known to exist. They were hunted with the bow and barbed 
arrow, while the war-arrows were poisoned by steeping in tbe putrid carcase of a 
victim until sufficiently saturated. The district of the liaxter River contrasted 
Btrikinglv with the Fly Rivor discovered by Capt Evans, whoso banks for 60 miles 
flwarmed with human beings. The author’s iniprcasion of the western coast was 
that it would prove a grave to such Europeans as should choose to reside there. 
This part of the country was inhabited by the Papuan race, a dark race of people, 
though not HO dai k as the Australian n^^gro, and one of cannibal propensities. The 
eistein peninsula, on the other hand, was mliabited by the Malay race. Of this 
race the author thought they had come to Ifew Guiuea from islands further east, 
8 jme of them making the change at a comparatively recent date This race was 
fu above the savage, both m intellectual and moral attributes, They were culti¬ 
vators of the soil, oacli having his own plantation, and strongly opposed to the 
cannibalism and polygamy winch obtain^ among their western neighbours the 
Papuans. The women, too, of the Malay race were not debafted as among the 
darn race, but mixed with the men, with whom they shored the management of 
public affairs Tlio Owon Stanley mountains ran through the centre of the country, 
from south to north ; and tlie east country was, on the whole, fav ourable to culti¬ 
vation, and probably possessed great mineral wealth. It accordingly ofer^ su^ 
cient inducement for colonization, but colonization, if attempted, would require to 
be set about with much prevaous consideration, owing to the pwuliar situation of 
the pemnsfiJa and the circumstances of the people. 
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On the Temperature obtained ni the Atlantic Ocean during the Cruise 
‘ OudlengerJ By StaiF«Commauder Tu vbd. It N. 

O\or a great portion of tlio Atlantic tlio bottom tompeiaturo hag this peculiarity 
—If the depth bo than 2000 fathonw, we ilnd the temperature at the bottom 
lower than that of any mtermcdiato depth, but 'when the deptli exceeds 2000 
fathoms, -wo lind that the bottom toinpeiaturos aie nearly the tame aa they are at 
that depth. Tins holds good for throo fourths of this o(ean. In the remaining 
fourth the temperature obtained at the bottom is much lower than in the other 
parts, and this lourth is not nt either oxtieme, A\heie there is a large current of 
surface cold, but occupies the whole of the western portion of the Smith Atlantic 
as far noith a'4 the Equator The results of Ihew' temperatnies may by clasahed 
thus —If an imnginnry hno be dra'wn from Fi*cnch Guiana to the w CMteinmost island 
of the A/oiO'j, and from thence noith on the wcstein side of tins line, the bottom 
tcmpeiatuies at depths exceeding 2000 fathoms are 3^°, that is, taking the mean 
of all the temperatures obtained, which differ hut slightly On the eastern side ot 
this lino th(* hoitom temperatures are .‘lo® .1, and this uiiilorm temperature appears 
to extend as fur south a.s Tiistan d’Acunha, as the Geiman frigate ‘Gazelle’ ob¬ 
tained ftimilar bottom lempeintures enstwaidof the lino jorniDg that island'witJi 
Ascension to the southwaid of a hue joining Tri4an d’Aeunha'SMth the (^ape of 
(iood Ildjie, The liottom t^'mperaturea are decidedly colder betwx'en the eastern 
(oaat of South Aiueiica and a line joinuig Tnstan d’Acunha and Ascension Island , 
and froiu the Equator to the southwaid the bottom temperatures wmo imanablj 
colder than at any intermediate depth ’Fhese tcmpcratuics ^aiitd frmu to 
tliat IS, 'when the deptli exceeds 2000 fathoms, and lempeiatui‘ 0 > ot less 
than were found as far noi-th aa tho Equator, while a few miles northward 
this bottom t-omp( raturo was It therefore^ appeals that in tho western portion 
of the Soutli Atlantic the highest bottom temperature is less than the lowest 
obtained ehcwhire m this ocean, excepting wheie tlie \ery lo'w lesult of 2ff’ was 
found bv the ‘ roiciipino ’ in bctw'eeii the Faioe Jsh s and tho north oxtrente 
of Scotland, ’fho question thus arises ns to tho caustM which confines this cold 
water to tho bottom portion of tho western half of the South Atlantic The 
oxnniinalion of tho fioundings which had }H*en token in this ocean, combined with 
the results of their tempcrnlure, loads to the conclusion that theie is a senes of 
ridges dividing its bod into tsvo basins, one of which occupies the whole of the 
western portion of tlie North Atlantic, while the other extends tho whole of tho 
length 01 the ocean on its eastern side, and that tho cold winter in tho we^teni 

E onion of the youth Atlantic is owing to there being no obstmction between tho 
ed of this portion of tho ocean and the bed of tbo Antarctic baain, and from the 
results of the serial tempeiatm-os’ soundings it would appear that these ndges can¬ 
not exceed 1050 or 2000 fathoms in depth. To asccrUm the thermal condition ot 
tho Atlantic tfrom the surface to tho oottom), senal temperatures were obtained 
lu tho ‘Ghallenger* at 150 positions, obsenations having been made at eachJlCO 
fathoms to 1500 fathoms in depth, and frequently nt, 10 fathoms to 200 fathoms 
in depth, at each of these positions An examination of these tempeiatnres shows 
that Dctween the parallejs of 40° N. and 40° H. thei^ is a much larger amount of 
w’aiiu water m the North than in tho South Atlantic, and that in tho equatorial 
regions the isotlienn of (K)° is much ncon^r tho surface than in the tempeiato zones, 
but that the isotherms below 00° are at nearly as great a depth at the Equator aa 
in any part of the South Atlantic, osprtrially at tho isotbenu of 40“, and that 
between the parallel of 30° and 40° N latitude the isothei m of (KE occupies a 
depth of 300 fathoms over an area of 1,200,000 square miles, while the average 
depth of this isotherm betw'een the parallels of 80° and 40° 8. latitude is IHO fathoim; 
also that tho wotherm of 40^, which la nt an average d^th of 800 fathoms across 
the North Atlantic, between the parallels of 30° and 40° N. latitude, occupies only 
half that depth in any part of the South Atlantic. This phenomenon may be ex- 
plained in Uie following mannerThe power of the sun ind^ctly heating the water 
bel^ the surface appears not to extend below 100 fathoms even m the tropioe; 
and this power decreases os the higher latitudes are reached, until a position 
is attains where the temperature is that of the fieering-point of salt water. As 
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salt water at its temperature of cou^elation is denser than at any higher tempera¬ 
ture, its weight would cause it to sink, and it would in time, did no other cause 
intervene, occupy the whole of the space in the ocean not influenced l>y the sun's 
heat. But in considering the elToct ot the heat imparted to t)ie suitoces, we have 
also to consider the effect of evaporation and precipitation In the equatorial 
regions evaporation la rapid, ho that the surface-hlm would become cleared through 
increased gauiuty were it not for the jncieased temperatiire and larpfe precipitation, 
as well ns toils being tmnspoited by tho fiicUuii of the trmle-witvds nntt earth's 
motion to tlie westward This e-hhn, eon^ttanlly moving westward in the 

equatonal regions, meets lu the Atlantic with au ohalructing point of the South- 
Amencnn i ontint ut, wlm h dincU it tti tlic northward, so tliii tlie greater pffit of 
tho water diiectlv Jieuted by the sun's lais lu the tropical regions is ftjrted into the 
North Atliintif As tlu' salinity of this water is greatei thau that of tho subjacent 
layers, and its ii« n^ased teniperatiu'e only rendei'fl it less dimse, din^dly a portion 
falls in tumpeintunj m tho t oldi r regnms of the tciiiperato zone, tlie surface- 
film sinks nnd imparts heat to the water beneath I’unscquently tho iantherms 
will be found at greater depths wherti tho heated suifnce-lilius am constantly 
descending tlmn when, oivmg to their being leas dense than tho aubjacont layers, 
they remain on tho surfai e 


KCOxVOMTO SCIENCE AND STATISTU\S 


Adthess hi/ Sir (Iioiu.t: ('AvirnriL, /v O SS, M»P, D C.L , Ptcsnient of fhv 

Economu tScClion 

1 FJCFL a clifiieultv in undertaking the Piemdency of this special and important 
Department of tho Diitisli AssociatJon, in this great city, which contains so 
many men masters of so many bi*aticliefl of economic subjects. But, Scotchuiau 
as I am, I have lolt that I could not decline tlie honour propowl to mo in the 
<'oinmercial capital of my own touiitry} and I remember with pride that perhaps 
m no place m tho Ihitish Empire could economic subjects be discussal with 
HO gieat ndvaiiiftgo Other places have special ludustnes. Olasgow has niany^ 
and she eveeD in them all, 

I understand it to bo the object of the Association that m the treiimont of the 
subjocta prcionted to us wo should study, in this os in othor departments, to follow 
as lar as may bo a Htrictlv sciontiflc method of inquiry, not lapsing into tho diR- 
cnsaion of political details, but altompling to ascortmn the principles on which 
economic results are founded, and to dehne the main lines of economic truth It 
may not alwavs be possible to draw the boundary between scienco and practice} 
but I am sure that we shaU all try as much as possible to avoid matters which 
mvoho party oi personal question*, and to mamlaiu a calm and scientific attitude 
in our treatment of tho many subjects which come witlnn the range of this 
Section. 

Tlie Section w.is originully called that of ** Statisticsand all economic inquiry 
must be based on or tested by Statistics. At first sight Statistics expressed In figures 
might seem to con^tituto tlio most exact of sciences; but iu practice it is f«r other- 
wiwe. In nothing is b<> great caution necessary } there is too groat temptation to 
reduc>e to figures facts which are themselves not sufficiently ascertfdned; too often 
an exactness is claimed for these figured results which is altogether fallacious and 
misleading | In fact there is a use and au abuse of Hguree; and ono is eometlxuas 
tempted u^jmpathize wilh the cynical philosopher who said that nothing is 
more nusleading than facts, except figures. It is espeoially necessary to dutioguish 
^twoen figures which are really «certainod, and thdse wtdoh are meraly drawn 1^ 
deductions from rough and conjeoturfd facts. A ftdee appaaranoe of s«wt«Ofa 
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should not bo (fiveu to these latter For instance, IF we take the geographical 
area of a country to be so much, and aasumo the donsity of population to be at a 
certain rate per stjuare mile, we may work out a > cry precise figure, and yet m 
reality the result m not at all precise 

There la very often fear that Hfatistics are sought out and adaptetl to amt a pre¬ 
conceived theory. Another mwu«o of HtaliatiCH ih this, that wdieri they are used 
to test certain capacities and qunlihcatious work i« directed and shajied to meet the 
statistical teat, and the results thus obtained become iiualeading. In such a case 
It 18 necessary very frequentl} to change the form in whicJi the statistical test w 
applied 

Beanng in mind, ^o^v(‘^e^, the necesdity of guarding against abuse, there con 
be little doubt that stansUeal science is one of tho most important instruments 
and necessities of nur time, especially m this country, m wlucn we are somewhat 
dehoient m that senmeo First, wo rtiquiTe statistics for tho direct nacortainment 
of facts for practical use, for instance, the statistics of production Agncullural 
and manufactnnDg statistics are of thogieatest practical luiportauco to the farmer 
and the niamifacturur. ^Vo arc almost wholly destitute of agricultural statistics. 
How groat is the contrast m Amenca and other countries, whc’te great attention la 
paid to these subjects, and o\ery farmer in the country is kept informed of very 
much that it la most important for him to know I 

lJufc thore is a second and almost moro important use of Statistics, viz. the culti¬ 
vation of economic science by tho inductive method It is bv Collecting, verifying, 
and classifying facts that we are able to approach economic truth There was a 
time when it seems to have b(Nm supposed that political economy was a scjcnco 
regulated by natural laws so fi\ed that safe results could be attained by deductive 
reasoning. Hut since it has Vcome apparent that men do not in fact mvanahly 
follow the laws of money-making pure and simple, that ewinonuc action is atiected 
bv moral causes which cannot bo exactly measured, it becomes more and more 
evident that we cannot safely trust to a cham ot deduction, we must test every 
step by an accurate obseivatiou of facts, and induction from them. This is, it 
seems to nu', the ingluist function of statistical science we recognize that men 
are not more maLlnne-i whose course may bo sot and whose progress may be 
calculated by a simple formula. Men am complicated beings, wJiose minds and 
motives of action we do not yot thoroughly iin<ir3rHtand , wo cannot foretell what 
they will do till we are sure that we know wlmt lu fact they octuelly have dona 
and do in a great variety of rircurastewcoH In propoition ns wo attain that 
knowledge, we bnconie acquainted with the mam a^nt in economic scionco, and 
make advance^ towards a knowledge of that snence 

When we seek to undeistand economic history and tiC«momic institutions, it is 
seldom that all tho necessary materials are ready to hand in our own countiy and 
our own age. We mint search for them far and wide We seek to recover 


economic history, generally very imperfectly rfronled in times when the science 
was little understt»od .Vnd at tho same lime there is a kind of contemporaneous 
history of which very much use may be made. We may obsene facts, and may 
obtain statistics iu countrios which are in stages of human and economic history 
very different from our own As the history of plants and aniinaU is recovered 
from geological records, so we may recover niucu of himian history by studying 
man in the oarlv, middle, and more advanced stages of civilization. Wo of this 
country, who ruJe over so many hinds m so many parte of tlie world, have special 
opportunities for this kind of economic study In my own experience I have been 
particularly struck by tlio liglit thrown on onr institution! by a oompanson with 
those lately and now existing among the different peoples of India Indw is in 
truth a country of many peoples, and there is there lutinfte material for the human 
mheBologUt who would study tho earlier phases of human history among the 
primitive aborigiiml tribes, still in what I would call the earlier sta^ of 
existence. We may there learn much of the origin of tho institutions wbndi vre 
have long come to look on as pdmoet part of our nature—of the earlier forms of 
property and marriage, end many other things. The fortunate connexion with 
of that great scholar, 8ir Henry Maine, has led to a groat amount of Hght 
on the conneiuon between the East tod the West, At present I would only 
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allude to one or two pointe in what 1 call the middle history of man, directly 
leading to our modem institutions, in respect of which I think tliat much may 
loamed from observation in India. And in India we are not now left to nicro 
individual observation only A very substantial commencement has been made 
towards the intiovluction of filatietical science and the collection of statistics of 
tolerable value, m that country. Por wime jenrs past groat attention has be<*n paid 
to this subject by the Ooveniment 1 may venture to say that I myself, when 1 
held office m that country, have done all that was in my power to proniolo staHafical 
knowledge; and a number of earnest men have done the like As usual in the 
commencement of siuh inquiries, our difficulty lias not so mudi been to get figures 
as to keep our statistical figurtia down to those whieli am piett^ leliable AVo 
are thoroughly nwnro of the necessity of caution in this respt ct, and wo beliov c 
that we ore gradually coming to the point when we can saj that wo have soma 
very valuable statistics (»n a v ery large scale. 

Of the history and use of local Institutions wo may Jeani vci;i much m India 
That country was, locallv ‘Speaking, ono df the most self-gov erued countries in the 
world, m native times In all parts of this island, while the civic (onstitutions of 
the ancient Burghs have been presmed, the self-governing institutions of the 
country at largohav e almost entirely disappeared, leaving only a few fossil remains 
to testify to their previous existence. On the comment of l^urope the old Com¬ 
munes retain a good deal of v italit}'. But it is in India under native rule that w o 
see these institutions in full v igour and working order That little republic, the 
villago coratnuniiy of India, has come to bo looked on aa an interesting old i-elic 
rather than ns the subject for modern imitation In my opinion we may draw 
from it a very large stm*? of economic knowledge which may oe very useful to us. 
1 gneve to say that philistine and self-satisfied as we are, prone as we axe to believ e 
that there can be no good thingthat isnot our own, instead of supporting and cherish¬ 
ing the self-gov ermog Indian Communes, and taking from them an example 
for our own country, wo are permitting them to fall into decay. They owed in Iwt 
theiT cohesion and their durability to pressure from without, to the necessity of 
the case, which mode self-government indispeneahlo to their i*xistonce Our strong 
arm has removed that external pressure, end m our self-contident hpint we have 
substituted our pretentious but imperfect end uncertain Courts for the rough but 
reliable village ride of former days. I believe that the morowe introduce into 
India tnie economic science, the more it will bo apparent that we have taken on 
ourselves too lieAvv' a burden, that too great centraliration is n mistake, and 
that, in a country where political freedom on a large scale is impossible, the only 
satisfactory resource la a large measure of the local government to which the 
people are accustomed. 

The tenure of land is another subject on which great light is thrown by Indian 
eiperiencp After an intimate acquaintance with the tenures which we there 
find in existence, end those which our sjstem has created, wo seem to have before 
ua a picture of the rise end progrew of property in land. Putting aside tho older 
forms of property, we have h^ in India many examples of the feudal tenure 
of a conquered country by chiefs and subchiefs holding in subordination one to 
another and ruling over communities of cultivators, some of whom were free and 
possessed of certain rights and privileges, and others were in a servile position. 
Among the com mum ties holding land we have manifest traces of the olcf ayatem 
of partition and repartition, wfe have before our eyes the gradual disuse of that old 
avrtem and the gradual growth of the individual tenme of the lands under tho 
plough with common use of the pasture-lands, the wood, and the water, on a 
tenure strictly analogous to that of English Commons. We have the struggle 
between the Lords and the Commonera, and questions l^tvveen the Commoners and 
the landless members of the community, just as we have had in this county. 
Then we have the growth of English ideas of property in land. We have ihe 
overlord, the Zemindar^ no longer holding in fendal tenure and receivbg 
curtomary lues and services, but turned by us into a rent-receiver. We have the 
straggle of the rent-receiver influenced by our ideas to turn the privileged culti¬ 
vator into a tenant sure and simple, to appropriate the Commons and to estid^ish 
abaolute property. We hare the emancipation of soma cultivators as copyholdei^, 



TRA.K8ACTIONS 09 THE SECTIONS. 


189 


tin? eubHidencoof oOieis put into rackronted tenants-at-will, and then into laboui'ers 
All these stages in the tenure of land we ha\o in the Indian c >unliKH whcio the 
Z(mindar s^stoiu has p^e^nllcd In other parts of India, \\ hue the Uo\eminent 
has rocogni/ed the rigntfi of and dealt with the Kjota dmtt hi\e the raj id 
de\<lopiiKnt ot small property in land with all the iiicidcut'i ot that form ol 
proputy with which in many parts of 1 nrop wo nio familiar 

iheii Wi have another proce^a going < ti in all pioperties, *^niill nnd gieat 
At hraL tlio holders of the land aie content to pay, as they alwavs have paid to 
native ml ra, the bulk fif the lent to the State or to the feudal kid, letaming ftr 
thenisches onl> rirlain dins and peiqiiisitos Under our system the Stalo reid 
is bmited, a portion oi it is sumnuutd to the Inndhohkr'^ 1 rom tmio t» time, 
under the iuUuon(L of 1 ngliah uhoa, that poitiou left to the lu)Mcr of the hind is 
increased In one gicnt piovmco the as'u.flsincnt rtndtrLl pLijtUini in the last 
century has become *<0 light as to k ratlur a inodcralo land tn\ than a lent lii 
olhei piovincts n luudtiate as^tesmunt hMd for a voiv 1 mg peiiod becorats a verv 
light OfiBessnitut before tho tud cf that jienod , as ibi tounliy nicgresots and 
>alur8 increase, the sh ae of thi landholdei becoiius leigtr cvcij day he learns 
to sjend that ahar \\ la n tho time foi levihion ef fiMMossnii nt comes he 
any veiy largo (i an him inciea^i and the (Tiveinmmt nioie and moie vulds to 
his dtmandH Ihus giaduully jioncity in land in the 1 ngh^li sei m is established 
Tenancy by capitah'^t farmers unatr t ipitahst lindloids we have n >t }tt conio 1 1 
in India 

The subject ol small cultivation set ms to deiive a new int le^l m a new (jinitti 
from what is now taking plate in itgartl to the tmancipated Vfruans in tlu l mled 
btatea of America nnd elsewhere I imdorsiaiid that the culiivatKU whn h Ins 
already made the product of the Ament an coUcu distiuts almost or quit tquni 
to that before the war, is for the most the cuUivuti n of small mdejMJident negio 
ciiltivah^rs who raise eottou on a svsttm much thu same as that under which tho 
R)ots of India 01 Motajtisof Italv cultivate small fanus lluie s cn h to lo 
among the dark races of India and Afnra a dislike to regular hind labour, and a 
preference for independent laboui on their own account, which iiinl es them prefti 
small forming to servue 01 at all events hnds to thtu eloing beil 1 work on their 
own farms Ihere has been, I think, a dispositun ti unde 1 value tho agiicultural 
skill of the Indian rjot And if it should prove tliat in ndvaiui d Vmorica, under 
free institutions, the cultivation of on article of wat vitlue and liigh quality li best 
earned on b\ small blade tanncis wo in^ well btlievo tliat in other countiies, 
too, great n suits may be oblaimd by the same <<V8teni I lie goltlinir down to 
honest labour of tlu Anitrican freedmen is an e\ninj)le full ot jionnsi, 1 liopt, lor 
the African race throughout the world If m all the cuunlnts wlitro tin slate 
of black freedmen is still uuccitam they can bo thus settled, n great end will be 
achieved And in Vfrica itself we may hope that in coimlms now tom by war 
and slavery a guiding hand may lead the Afncan lace to peaciful prosperous, and 
happy times 

I merely instance these as cnees lu which eccnomic piobkms luav be aludird m 
tboir sevoral stages in countiics othei than our own I cannot nltenipt to pursue 
these subiects at present 

Proceeding to another branch of economical science, I cannot but think that Iheie 
has been passing before us of late a very great deal to bniig home a v 10 w with winch 
I have before on othei occa^ons dealt—that curtly evpie^sed in the homely saying 
of Walter Scott, that it is saving ralker than getting that is the mother of 
riches ’ What an extraoidinary economic lesson is uad to in m the resulta of tho 
late Flench war I Tiue, the I rench have been politically humbled tnie, thoy have 
been obliged to pay a war indenirnty of crushing msgnitude Rut what has fol¬ 
lowed? Misfortune has taught tholreneh a lesson of economy nnd pi udence, 
triumph taught tho Germans a lesson of pnde and extrayagaiuo The Frendi 
have rqtneved their losses, they are at this moment commercially the most pros¬ 
perous people in Europe; they bear without difficulty or dutresa a taxatiou far 
IsTger thhu that of any other country in the world, while the Germans, who 
launched out into extravagance on the strength of the vast sums pud them by the 
Firettch, are suffering greaUy from exhaustion and commercial collapse j their trade 
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h bod, thtiir manufactures are discredited, their people are disheartened. Tlio 
French are a people of small propnetoxs and smell oapitnlists; they ha\e not the 
great maflacs of accumulated wealth that wo have in this country in the hands of 
great capitalists But their wealth more generally distributed among the people, 
and in their hands it fnictilies at least os much in the end ; if there are not such 
high profits, Ihcro are not nuth groal spendings Looking to tlioir capacity of 
bearing taxation, to tlip giuieml ^vellbniug ot the people, to the \erv general pos- 
aessiou of small pu>pert^, it ma^ \\oll be a question whether, after nil and in spile 
of wars and mi‘.fortuues, Franco not quite m prospcioua a country as ouc own, 
and qiiito as happy a country, 

This at least is certain, that Binall people working for themsolvea, if they do not 
cam more, at least woik more zenloitsly and save mom than those who worlc as tho 
hired laboun rs nt others T aiu inclin'd to think that, treating the matter scien¬ 
tifically, tliB Jiicl-i ^\lll jusitify U3 in reducing it to a law that the small mail who 
woiks lor lumi>elf m a man and saves, while the hired labourer is seldom so 

saving and pnideiit AVhy is this T think the explanation is to be found in tho 
habit of forethought and niaungoment whu h is mvcHsaril) ongoudered in the man 
who, not Ining on daily wuges, n bound in some dogiee to tako thought for the 
morrow, to c ilcuhite hia wa\8 and means, to husband h s resources for a rainy day, 
to make foi(*casts of tho proMsioii for himself and Ins family. To this T attribute 
it that the small French piopnetor, tho Insli tarmer, the Indian ryot, the Scotch 
weaver (who is unhappily po-s^mg from us) are or 'vvere all waving, thrifty men. 
Where will }ou hud a belter cln»»8 tlian the old Scotch handloom weater, tho 
careful, thoughtful, well-educated, independent man,the owner of hia own cottage 
and patch ot garden giound, gem'rallv jvrudent, and always ready to hold hi8 own 
in argument ^ No doubt luculcra niotlianic^ make more , but do they accumulato 
more? Tho habit of living upon weekly w'ngns duninishos tho necessity for fore¬ 
thought Tlui pi act ho of migrating in search of tho best market takes away the 
desire to own a house and garden 1 think it cannot too ofttm be repeated that 
tho great economic question of the day is to reconcile the modem arrangement of 
capitalist and voikmen with sufllriont incentnes to prudence and economy; that 
la tho problem at the bottom of all pinna of cooperation, and of most of tho questions 
connected with Tiades’ L nions and tho like. 

Very intimateW conuecteil, too, with this question is tho groat and most difficult 
%ibject of pniiponsm Poor Indian r^ots manage to get on without Poor l>aw8 
becmiso they are piudent self-workers. Tho poor Insn farmers for the most part 
do the same. In most Luro|v«an countries thoie are no pour laws Yet when the 
people of a country are rt‘duci?d to the position of labouiers poor laws become a 
necessity. It is found in pi octice that pHoplo living on wages do not make the 
game provision for themsolvcs and their helpless relations that self-workers do. 
There nas been a strong disposition to meet tins tendency by a more severe ad¬ 
ministration of the poor lavis, by driving poor people into tlie workhouse I con¬ 
fess that I doubt the efficaev of this svslem, at any rate I tliink it may be carried 
too far, and I was glad to near Mr tX^aller of the * Timoa ’ make a manly stand 
against it m his place in the IIouso of rommons 

It IS for us to treat the matter scientifically, and to consider the principles on 
which poor-relief is foimded. The Scotch are a logical people, and they are in- 
olined to take tho v low that payments to the poor-rates are a kind of insurance. 
They ])ay rates when they are well-to-do, and thev think they are well entitled*to 
pensions from the rates when they are disabled. Is this view a correct one f or If 
not, what is the real principle of poor-rates and poor-relief H I think that these 
are questions which must be answered by those who would take a severe view of 
tlio relief system I am inclined to doubt whether English doctrinaires or oobtral 
boards can much improve on our careful and prudent system of out-door relief 
adininifltertHl by local bodies who tlioumghly know their own people. 

Even if permitted I would not venture to deal witn great commerolal 
questions li* #ie presence of those who so much better understand them j but ^era 
is one question of pressing importance at the present time to which I maet alkdSi 
the more as it ts much connected with tho eoun^ of which I have a luge per-^ 
sonal knowkdgoi India; I mean the Bilrer querti^ He would be a bom man 
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indetjd who would prophecy the valuo of nlTcr as compared with gold a few years 
hence I certainly shall not attempt to do so There are countries, China espe¬ 
cially, of which we know very little, and! apprehend that the course of the silver- 
martet will very greatly depend on the action of the States of the L>atiu Union 
and the United Htates of Aincnca. The disposition of the Government of India 
SCO ms to bo to adopt a wailing jK)hc) , and tliore are not sufficient data to enable 
anv ono to pronounce with coundonce that this course w isTong. When m doubt 
what to do, try how it will answoi to do nothing,” is a maxim of much \alue 
Tho oiil) plan to which porsouolly I have a little inclined is to put more silver into 
the rupee, and tlint would not be safe till w© are sure that the change in tho 
relatne lalue of the precious metals is permanent 

tin ouo point only m conuevion with tins subject I should like to say sometlung 
further. The belief has been evpressod, and the Silver Comimtteo hart accepted the 
suggestion, that India is likelj to absorb an increased and incwosing quantity of 
silver for cunenc} purposes Tina I gieatly doubt It is said that in many parte 
of India Rihor is little known for purpurea of evchango, moat transactions Doing 
conducted by tho primitive nielhod of uartor This I tlnuk quite a mistake I 
have as wide an experience of India as most men, and I know no part of India 
where traffic is by baiter for want or ignomtice of com, except the most remote 
hill rogioiid of the most savago and unexplon'd aboriginal tnbos which are yet 
hardly known ev on goograplncally The Hindoos are a very old people, they used 
coin freely when wc had none, and they have not forgotten tho use of it I should 
say that tho special feature of their trnnaactions is tho us© of a great deal of coin in 
coses where wo should uso note^, cheques, or hills And my impression is the 
opposite of that which has been sugp'estod. 1 am inclined to think that as more 
m^cm ways ore learned less coin will be required, not more AVhen I first wont 
to India very large quantities of coin were hoarded. Every prosperous native 
prince who managed his fiuanccs well according to native ulons hoardtKi very large 
sums in coin On the occasion of successions, minorities, and otherwise we ascoi- 
tained the reality of these hoards The weight and power of a prince or noble was 
oslmiated by his store of treasure So in gr^ea below, lliort* was nmcli ch^po'^itiou 
to put by stores of rupecH , and tho prosporoua peasant, like the Frenchman, either 
buned rupees m Ins hut or made them into ornaments lor his family—a little 
capital to be coiiverbHl intt» cosh w'hon necessity aro^e Till very recenlly paper 
money wns wholly uiiKiiovvii, and even yet it loused but to a very minute degrea 
compared with its use ni hhiropean countries 

Now that the country is more opened up ©very day, that there is morn eoufidence 
in tho llritisli peace, that new channels of enterpnse, new wants and ideas are 
developed, I believe that the habit of hoarding coin dimimalies Natives, princes, 
Hud no Dies spend their money in many new ways. When thoy accumulate they 
lend It to the Hrilish Goveinmcnt to make railways in their territories, or under¬ 
take enterprises of their own, or put it In Government paper” Smaller people 
travel by railway, enter into spocuhitions, and utilize their money instead of hoarding 
it In ono direction, ns people become richer the ornamonts on their wives and 
children may become more valuable \ but in another direction, tliei© is less bonding 
of capital in" this foriu. 

In a country where tho coin of legal tender is so bulky 08 silver tht're is much 
greater occasion to use p iper money freely than where tho currency is gold I see 
not why,.ns confidence m our notes increases, tliey may not come to be used ten, 
or twenty, or fifty times as much as at present, why notes for largo sums and silver 
for smaller sums should not con'^titute the currency for trin'Utctions above 
those for which copper suffices If tbe tendency of thinM should bo at all in the 
direction which I have indicated, it would follow that while we might understand 
the absorption of a vast amount of silver in the past half centmj, we might also 
suppose that tho tendency thus to absorb that metal will not contmuo. 

I would ask your permission now to turn for a moment to the suWeet of educa¬ 
tion, and to sui^st that here of all things there li the amplest room mr substituting 
scientific inquiry and a scientific treatment of that great economic agency fur the 
empirical ^stem hitherto followed. I.iet os try to work out What are the objects of 
education, and by what methods they may be best Attained. How for and at what 
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stages of tlio m'ogress of the Toiiog human being is education us^ul as a mental 
gymnagtiCj ana how far and when as a moons of rommunicating posibve knowledge 
to he retained* As a mental gyiimnstie, w'hich aro the fncuUies most to be culti¬ 
vated ? and in which, bo 38 or girls, are particular faculties to be drawn out I' (Jan 
we classify and distinguish the faculties of the mind—difatmguish memory from the 
I'easomng power for instance ^ 

I am mclinod to think that under the juvsent hai^tharaid system a boy generally 
gets (hat mental (raining winch he lea'it wants Tho boy with a good mcnion, 
who docs not need tlie excessive development of that fiiculU, docs woik depending 
on memory bocauso ho lias a turn for it,” and hia reasoning powers remain dor¬ 
mant for ever Tho only boy whoso lensoning powers aro exercised by Kuchd la 
the rare bcij" who has a ttan for that sort of thing, and who does not m ed such 
n gymnastic. 

Then, when wo come to the acquisition of kuowledgo, can wo not distinguish 
the knowledge to bo turned to use in alter life ^ Is tliero no distinction in tho 
teaching of boya destined for one ^pheie of life or another Y In Kuglnnd, at any 
ntte, do not tho rhaiua forged by degrading endowments tio down almost nil to 
the same dull routine Is tlie knowledge of tho things, the creatures, and the 
iiaoa of the w'orld put in due pioportion to mere ompimnl loonung ^ I ask all 
these questions without pretending to answer them , but I tlo again venture 
to suggest that e<lucatiou at preswmt, of all things, requires scientific inquiry and 
scientinc treHtment We iiiiist even, in dt ihng vmUi cdtication, go to the bottom 
of things, and inquire how ftu qualities aro born, and how far the\ are produced 
by aaaocmtion and education 

*V» legards the education and emplovmonl of women, is not there great 
room foi scientific luquirv on the question flow far the mind of w oman diflers from 
that ol man Is theje nut, m fact, a very conaidcrablo menial diflTorence between 
ninn and vroman, just as Ihero is a coiiMiderable Ixidily difference ^ Is not woman, 
to some extent at lea^t, a dillerent (I’catuio from man, so that we may in some 
sort predicate that under ctsrtain conditions a nmn will net in one wa^ and a woman 
will act HI another way, in the samo iminmT (though not in the same degree) as we 
can predicate that a dog will net in one way ond a cat in another K To some 
dcgieo I am inclined to think that there some natuml difference, and that this 
diiference must be taken into nccount lu determining the treatment, Ihe emploj ment, 
and tho fimctions of women 

It 18 because I thoroughly svmjiathize with tho desiro of eo many women of tho 
middle classes to find usefur and honourablo employment for themselvea that I 
think scientific inquiry into the economic capacities of the creature woman most 
iiGceseary. K wc can once solve that part of the problem, the rest will bo com¬ 
paratively easy I feel «uio that there aro many functions, whether they depend 
on mmblonofls of finger, sympathy of heart, or quickness of intellect, for Which 
women are especmlly (itted, wuilo theio are others for which their nature is less 
fitted and in respect of w hich they will d<» well to av oid an unequal nv nlry with man 

As education fits a man for his duty in the schemo of oconoruy, so dnssipation of 
vanous kinds luifita him, and wo can hardly exclude from economic science ihe 
effect of tho abuse of stimulants I was going to say use and abuse, but I think it 
may be doubtful whether theiv is any real uso for stimulants at oil In dealing 
with tho Diattei stientificallj, it seems very uccessniy to inquire how far the appe¬ 
tite for vanous stimulants is connected with qviestions of mco and ibmate, and 
wimt is the comparative eflfect of pure stiniulanta and (hose which have (t narcotic 
I'lement It does seem that man when he has the chance will indulge in some 
luxuries, and that drink cannot ho stopped by pleaching alone. Perhaps the beat 
lutpc of a remedy may bo to discover the means by winch innocuous ohjoyment 
may be afforded to him m consonanoe with his constitution and tastes. It may bo 
a question fiwrly open to considemtion whether tho whisky of the Scotchnnm is or 
is not as injunoua iw the scmi-narootic beer of tho Engbsbman. And then wo 
hare the 1 mer question, whether the wholly xuurooftic opium of the Cfhiuese is wowe 
than or Bad as the alcohol of European countries* 

I have been M into the suggeation that these things ore very much a matter of 
race by observation of the very ringular way in which in Asia the popuktioos are 
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divided into those who use opium and those who use alcohol, according to race 
line^ even m countnes where the faoibties of obtaining the one or the other aie 
precisely similar In the east of India I found that the consumption of opium in 
the various districts was just in proportion as a 1 iiranian or Chinese element pre¬ 
vailed in the population Ihe \rynn races of India ne\er tako to opium in a very 
great demo, except in the case of some of the Sikhs, whose religion prohibits the 
use of tobacco JJven in the distncts where the poppy la almost unnersally culti¬ 
vated by the Ryots (and they supply the opium -v^icn the Chinese consume), it is n 
happy /act that the native population does not take to the common use of opium, 
and there are no greater aj mptoms of the ill effects of the drug than in districts 
where it is very rare and dear—far less so than in distncts where the cultivation is 
not permitted, but whore there is on Indo-Chinese populotion I cannot but 
think that such race piochvitios optn up an important field of inquiry 
hrom s<» fertile sources of cnmo os drink and other stimulants one not unnaturally 
passes to justice and the repression of crime, as essential to economic salety and 
prospenfy No one who has expenonced the \ftat relief obtained by tho cnango 
from a cm le and undigest d state of the law to tho use of codes cnii doubt the 
immense odiantagea ot codilicalion It is %oiy greatly to bo regretted tJiat so 
little progress in that direction has been made in this coimlry Not only would 
there be the great diitct gain^ but theio would be this enormous ad\antag^ that m 
a codift<d fihapo Iho Ians of the three kingdoms might bo assimilated The very 
g^ut juiidicfll advantages which wt p in many respects m Scotland would bo 
oommunicaled to the sister kingdoms and on the other nanJ wi should obtain in 
Scotland some modem reforms which we need M o ah uld gtt iid cl that shock- 
lug anomaly and hindrance to business the m c< ssity a t passing in tho same logis- 
lature separate laws for Lnglaud and Scotland, only boenust theio is a diiltrorice in 
the legal phraseology and somo of the details I have been imuh stiuck b\ the ex¬ 
treme ignorance which prevails in Fiigland regarding our Scotch ciiminal sjstem 
The world is ransacked for cvamplcs in legara to such questions, as for instance, 
the examination of tho accused, oud yit there is not one well educated man m 
Logland in a thousand who knows (hat iii bis own island, at his own door, there is 
A system of cnminal procoduio most ladically diffirent fiom his own, and, as I 
venture to think, very worthy of Fnglish mutation Who in England has the least 
idea of the wholesome Scotch system under which the hret inquiry includes the 
examination of the pnsoner before lawy( th ore ptimitted to sec him, and the record 
for judicial use of the statements which he makes P 
After judicial inqiury comes punishment, and here 1 am incbnedto believe that 
the civibzed woild is still very much at faiilt I tliiuk there is still immense room 
for scientific discussion on the subject of puniabmtnts Tliere are some OToat sub¬ 
jects such as sanitali mandpuuiMimonts in respect of which I bebevc thatUiec xperts 
claim A certainty and a knowltdgo which has not lot been nltaiued On tho con- 
trarj, I think there is still every thingto bo gained by inquiry and experiment 
conducted without prejudice or preconceued conclusions Ihe mere sbutting-up 
a man in pnson with nit so'veie tieatment is by no means a suflicient deterrent to all 
natures, and when w e seek to be severe, w e clash with modem notions of humanity 
In one shape, indeed, there seems to be a disposition to revert to a form of torture— 
that IS, by Hogging Yit after a great ex]^neuce I am mjstlf much convinced 
that of all forms of corporal punishment flogging is the most unct rtoin, ineffective, 
end dangerous In a light and simple foim it is good for juienile delinquents, 
whose onences are petty, and whom we would not contamiuate by a first impnson- 
ment And flogging is to some natures a material addition to other pumslmients. 
But os soon os we tiy to carry it be} ond this we arc placed in thu dilemma, that 
A flog^ng which is safe is an insu^cient punishment, a more severe flogging is a 
sort of lottery nmeteen or ninety-nine men it may not harm, tho twrentieth or 
hundredth it will kill I lealb believe that it would b( n\%T to cut off a finger or 
on ear than to attempt to deal with seiious offences by flogging only 
It IS because I think we do not yet fully understand the science of punishment 
that I am myself opposed to a too uniform and centralised system of pnson manage¬ 
ment f thoroughly admit that there is much room for reform in regard to tho 
number of o«i jails and for improvement in the nmnagement of many of them* 
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Meftsures to corrj out tlieM olyootA 1 would gladly see. But, doing so much, 1 
would still both retain in this as in other things the services of the many expert 
eneed local magistrates who in this country give so much time and attention to 
local buduess, and leave a considorahlo latitude fur rouio variuty of treatment and 
some foality of experiment in regard to the ticntmont of cnminah^, 

1 do no I attempt to go into further detail on these subjects. 1 am sure that it is 
betterthat I should Dotdetaiuyoulonger, but should givepiace to tlie many Interesting 
papers which will illustrate this Section^ and w hicn wiul, I trust, lead to many im¬ 
portant discussions. If the scope of this Section is somewhat wide and perhaps 
loss defined than that of other Sections of the Association which deal with more 
precise branehos of science, it at all events includes a variety of subjects of much 

f iractical and iramodmto interest. If only on the subject of silver currency some 
Ight can bo slied, great good will be done. That subject will be treated by \ery 
able hands, and we shall have the advantage of men ot groat practical knowledge 
in discussing it. Other subjects I might mentiou which will bo brought befo^ you 
in papers oi great interest, but they will sponk for tbemsehus, and I zi^ed not 
enumerate them here. 


Agricultural Statutus^ By Wiu.iam Bo ply. 

The author stated that this was a conlmuation of a previous paper On Agn- 
cultural ytatisUca and Waste Lands The antif|uity and utility ot agricultural 
etatisticfl m the far East, where they opciatcd os a stimulus to production, gave a 
knowledge of their resources and averted fainiro. Tho elaborate sjstem thereof 
now adopted in our AuHtralian colonies lie considered w’orthy of imitation bjj the 
TImlod Kingdom and all its dependencies, remarking that tne entire cost of tlie 
Bengal famine (£(1,^88,000), with the flacriUce of life and its demoraUzmg effects, 
might have been prevented had a thoroughly good lec’DiHl of cultivation and its 
outcome been in operation in India Of the acreage of Great Britain and Ireland 
(77/W0,000) there were lu 1875,— 

In com crops . . 11,300,030 

Hoots and green ci*op8. . . 5,057,020 

Flax, hops, fallow, and grasses under rotation . 7,085,128 

ent grasses, exclusive of heath and mountain-land, 
ed for ... ... . 30,185^211 


Total... 


77,500,000 


Cattle. 10,162,767 j increase in three years 444,282 

Sheep.88,401,948; „ „ „ 1,246,806 

Pigs . 8,406,167; decrease „ „ 662,883 

IIoTsea .... 1,876,851; „ „ „ 68,020 

The decrease in pigs is accounted for by tJio high price of barley &c, The import 
of grain, 6our, and meal in the fifty-two w^ceks ending August 25, 1870, WM 
116,018,594 cwt. It IS estimated that we import about half tho com we consume, 
and 14 per cent, of our consumption of meat alive or cured. Wa consume 
83,697,7Ki cwt. of ^beef, mutton, pork, hems, and bacon. Estimating the popula¬ 
tion at 88,000,000, each man, woman, end child* In the United Kingdom consumee 
annufllly 114 lbs. weight of meat, exclusive of poultij, hsh, game, and rabbits. 
With reference to waste lands the author advocates legislative encouragement and 
security lo| the outlay of capital, with skill and enterprise In their cultivation, 
wheie tb A was a reasonable prospect of a profitable result. Tlie returns showed 
an increase of 173,470 acres in cultivation on the preceding year^ which, as far as it , 
went, was satKfsctory. In coiiclmicn, he observed the present time is favourable to 
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its extanaion * tba peoplo emigrate 'who are willing to work, fiamtation asks and 
supports it, political economy requirM it, philanthropy aug^ta it, the money-market 
favours it, the rale of discount being but 2 pt^r cent. When capital and money 
iM a drug at 1 per cent, how can we better employ it than m the inci eased and 
improved cultuaiion of the soil, with the invaluable Hatisfaction of pving healthy 
employment to teiw of tiiousande of the people, and permanently mcronsing the 
value of our property both indnidually and nationally ? 


The Ecoaamy of PenaltuB^ 

Bij the liev. John H, Bcnr, Chaplain of Bro uhnoor Aeylum. 

The problem which economy is called upon solve, stated in its simplest teims, 
is either to achieve a given result with the least possible expenditure af force, or 
with a given amount of force to ochioio the greatest possible lesiilt 

But the pioblem u seldom presented m a form so simple, either the greated 
attainable result is not ku<mti, oi the available f<ijce is not Ueteimined, whUo vori- 
ntionfl m the force used mvohe complications with other furce-J, and therefore also 
complicated results Accordingly the problem generally ossumtM this ulteiior form • 
when the cost of the force used la deducted fiom the value of the lesult, to deter¬ 
mine the point at which the excels of value h greah'sl 

This IS the form which the problem uUimately assumes m the economy of 
penalties. ^ 

The result to he attained at in the use of penalties u by »o taeans detenmned 

The general opinion w that penalties ought to be aimed at the complete repres¬ 
sion of crime This opimon was countenanced by Archbishop Whately and by 
Mr Bentham , but this opinion is inexact and misleading. 

Lftwlojsanesfl m o population w restrained powei-fully by other moral forces ante¬ 
cedent in their action to pi'nolties. IVnalties arc a sujfplemental force, they ere 
thrown in as make-weights,” 

But the mcentivos to cnine which overpower those other antecedent foroee 
counteract also the action of tins supplemental force. It is a matter of unnerMl 
experience that the complete suppression of crime is impossible. 

J^tween what is effected by tnose antecedent forces and what cannot bo effected 
tiiu supplemental force theie lies an undetermined amoiuit of preventible crime, 
l^ie preveunnn of more iir less of this preventible crime is the lesult which ought 
to be aimed at by penalties 

The amount of preventible crime, and the point at which the crime-rate is affected 
by an increase or a decrease of penalties, is to be found by a study of what may be 
called comparative a'tmtntdUy* There ore great iluctuations in the rate of the 
commitments to prison among the population generally and m different looahties. 
But these fluctuations do ndt follow bverselv an increase or a decrease in the use 
of penalties; on the contrary, for more than uolf a century the amount of crime in 
Its gfraver formsj^d the severity of punishraents for them, hav e gone on decreasing 
concurrently. iTds is evidence tliat heretofore penalties hav e been used in excess 
of their proper deterring power. 

Of the coti of pmadtks^ 

In an economy of penalties there are three eubsidiaiy economies—namely, an 
economy of pain, an economy of labour, and ilaancial economy. 

In this paper the economy of pain is alfSne treated of. Tfntil the exact point ia 
found at which the amount of enme varies inversely with the increase or decrease 
of punishment, the problem is to keep crime at a given level with the least possible 
expenditure of pain. 

infliction of pain in excess of what is necessa^ is States cannot * 

leteen the happiness of thousands of the population by severe penalties without 
incu^g heavy coats to the nation. There is a lessening of ^ tbeie is 

often a revulsion of feeling produced against the Government. There are more 
than 100,000 oommiiments to the prUw of Bn^and and Wales every jear* 
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Hiere aro moro than 27,000 parsons Iving in those prisons constantly. I# from 
orriMng at a mistaken result one tliira or one half of these persons are kept in 
prisons m exceaa of what w necessary, the amount of the nation^s happiness is 
lessoned to an extent by no means tntlinij. 

In adnuuistermg the penalty of imprisonment, the economy of pain leads to a 
conclusion in faA our of compressing the penal element into shorter periods of time 
under a rigorous separate disciplme, lustead of expanding it o'v er longer periods of 
time in a<wociation. 

The longer sentences tell upon the faculties of piisoners, the soieio disciplme 
does not. 

The popular opinion tliat a separate discipline cannot be prolonged beyond twehe 
months is fovuided on error The objection Hho^\ s that tlie principle of the separate 
'system is not correctly understood The e\idencc is conclusue that a Beporato dis^ 
cipline ma-v bo enforced furlong terms with peifect safety Now and then injury 
to the mini may be produced, hut the cases ouglit to bo lery rare Injiuy both to 
mind and body will occ'isKmally result from any form of se\ero punishment, o\on 
curathe processes somotinios do great injury 

The u'-o of chioroform is occasionally fatal, hut this does not overthrow the use 
of it If at any hospital the deaths fn)m it were frequent, this would bo evidence 
that it not ndmimMtered pi\»perlT It is tbe same wuth the «oparato system of 
]>risou discipline. 

The economy of piison laboiii and tlnancial economy are neces^uiiily jwisM^d ovei, 

If the principled advocated in the former pa]H*Ts weie acted upon, one third or 
one half or the cells m county and boiongh prisons would be left vncjint 

If the principles advanced m ibis third paper w^ore acted upon, thoao incaiit celU 
would bo ftUea with prisoners undergoing iienol servitude, and the convict prisons 
would be nearly emptied 

Fuilher investigation of these principles is iiiMted. It is submitted that they are 
hved upon laws of man’s moral natuie, v\hieh govern even governments,and which 
states cannot contravene with impunit). 


Oa the preuni e.Tteni of Slavei'y and the f^hive Trade^ with a reference to iJie 

Pi'0(fre$s of Aholition since the close of the American War, the Itcv. 

Aakon Busacott. 

Slavery now pievailed in Turkey, Egjpt, IWia, Tunis, Morocco,^rfndagaficar, 
Portugal, Spain, Brazil, AfTgtiamstan, and in the dominions of the Seyyid of Zan¬ 
zibar, and amongst the di/Ferent tribes of East and Control Afnca Every continent 
shared in this great crime In Turkey it was a vast national iiwtitution, degrading 
the dignity of labour, demoraliziDg domestic relalions, and paralyzing the mnuenoos 
of modem civihzation. l*ortiigalhad the will but not the power to alKili^ slavery 
throughout her tenitone^. From 0000 to 10,000 slaves were annually conveyed 
from the Portuguese cuahts of Mozanibiquo to Madagascar. Hpain stood alone 
among the nations of Europe in resolutely maintmmng slav ory in Cuba. At the 
lowest e^mate it was computed that 70,u00 Afiicans yearly crossed the sea into 
alnvery, and, accepting Dr Livingstone’s estimate of the numbere massacred by 
slave-hunters and penshuig on the route to the fea-const, it vv^as computed tdat not 
leas than 600,000 woie amiuallj sacrificed. Tho author questioned the efficacy of 
having treaties for the suppression of slavery, when these were only meant to 
w'orry petty Arabs or African chiefs or the St^vvid of Zanzibar, while other and 
atronger nations vyere left to do wbr.t they wished. He then pointed out that at 
the close of the Amenenu war 4,000,000 of slavea w^ere set free, and he was glad 
to say that America at this moment was more sov ere against complicity In slav ery 
tlian even English law. And now that America had lent her influence on the aide 
of the slave, he thought there would be no difficulty in abolishing slavery, Por¬ 
tugal had dc^d that the slav’es in some of her iriands should be free, but it ww 
miestionaUe ^^ther the decree was in any measure operative. The Queen of 
Madaflmscar in i874 iwuad a prodamaUon granring freedom to all slavea imported 
since June 1806 (the date of the treaty with Gmt Britain, America, and Frenee) j 
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Wt i^Ttt wfta no etideno« that one ^tare had been freed through that proclamation 
Bven *0 late as last year Arab merchants openly exposed &\es for sale m the 
capital} and no attempt hod yet been made to give freedom to the masses of slaves 
who were natii es of Madagascar After referring to the exertions made by Dr 
Kirk} through whom the Siutan of Zanxibar had been brought to make the treaty 
with England, he said that^ according to Lord Derby, the Foreign Office was m 
commumcation with the Turkish and Egyptian tTO\emmeuts with a aiow to the 
suppression of the slai e trade Thas far has the sla> e trade been abolished, but 
the progress of this moAement depended entirely upon a strong public opinion 
Circumstances were propitious and an earnest effort might now realize all the 
sacred conditions of Diitish freedom 


Ort Mcme ^peaal EvUb of €u SeoWsIi Foot Law By AiJ^’x M'Nasi Caibb 

The aulhui. after referring to the position of the poor people b<foi6 the dis¬ 
ruption, and the fact tliat m some measure it led to the passing of the Poor Law 
Act of 1845} said that m Scotland the pansh mimstei and fho of hw elders were 
entitled to life-^ati at the Parochial Board for managing the poor, w tule lu fewei 
than one lu se^en of the whole parches an equal number of mnmbers wore per¬ 
mitted to be elected by the ratepajeia There were *128 pannUes out of 811 in 
which the elected intmoers woie restricted by the Board of Super\ision to n third 
of those entitled to seat*? by reason of ecclesiastical office Thcio not a few 
paiisboa in which only one member was permitted to bo elected Thus n perilous 
avitem had grown up of men w ho c mtriDuted little, ha^ mg the pow er of spendiug 
the money of ratepa} ers, who had no i oice m then appomtmeut and no powei to 
remove them The con'^tont vigilance necessary to keep pniipeusm within bounds 
was not hkely to find a place under such a system Then the adianco of expen¬ 
diture for the poor in Gotland was found m 1847 to bo £133 016, and m 1876 
£704,910 In England in 1847, the expenditure was £6,298,787, and m 1874, the 
latest report, it was £7,004,067 while m Ireland, m 1862 (tho oarhovSt rcDort he 
could get), the sum expended was £884 2<10, while in 1876 it was only £771,663 
In Ireknd there had been a reduction instead of a growth in the total coaL ef\en 
mclu^ng able-bodied, Mvhere tho population was only fl\o and a half millions, 
whereas in Scotland the peculation was only throe milhoua, and the able-bodied 
bad no claim on the rates iTiat was explained by the known excess to which out* 
door relief was earned on m Scotland under eccleHiaatical managers Of 176,787 
rehef m 1874, only 7762 were m the poorhouso while in England only 
one m five of the poor were put on mdoor relief, and m li eland foity-four were m 
tho workhouse for every thirty who got outdoor rehef Tbt indt pendence which 
formerly choractemed the Scottish peasantry had been undeiminca and destroyed 
thipugh the facility with which outaoor rehef had been given An illustration of 
the lax management was to bO found m the extent to which loose women of the 
parish—unmarried women with ^shfidren—received stipends from the poor-rates, 
SnaUing them to hie manifestly to their neighbours m greater ease than others of 
i^Oir rank In the Stewartry of Kirkcudbright there w ere found on the rolls eighty* 
oaven dissolute women havmg 207 children of whom only three women bavi^ 
children wero sent to the poorhousc One parish m that couutv stood among 
Iba highest m Europe for bastardy In January 1876 there were ui the soutlrani 
dSotnet of BcoUand alone 741 women with 1473 illegitimate children recetviiw 
relief, and in another district, in May 1876, thtre were on the outdoor rw 
MO eases of single women with illegitimate children Could it bo wondered, there** 
|ere> that under such a system, patronised by the Church and its mimsters—utidef 
IM^y no doubt, but very effectually—the mwth of immorality m tSeatJaiul 
Sonld have become so appaUmg Ihd anybody bolle^e that if the mamgeoUNt^ 
^Irere substantialiy in the hands of Christum men, elected by those who pfoa^|$ed 
4h» fon^ that such a system could In e for three months P 

^Ipotber evil wiU the area for rating and settlement That m Sootiand 

» i!d to paidshes in Fraknd there were ooily 647 of such areas, whde tn flootr 
there were 804 In England ^ population to eccb area «a«> 36,972, wbi^ 

■ 1670 . 18 
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Scotland it was only 4260, and London, “with a population equal to Scotland, had 
only thirty* Nearly one in three of these areas m Scotland had fewer than 1000 
inhabitants, and every tenth parish fewer than 600 That caueed a great inequality 
of rating between neighbouring parishes, and a multitude of petty administmtions 
with limited views and mcroa^ oacpenses, and continual interparochial conflicts. 
As an instance of that, he mimllonod that in the Barony parish of Glasgow alone 
there were commonly between 2000 and 6000 undetermined cases of settlement. 
Agam, the law of settlomont v\a9 adverse to freedom of liberty, and the effect of it 
was that a man whose settlement was in a small parish was practically limited to 
the inhabitants of that pansh to find oustomers for his labour, Tt operated by 
creating a fictitious interest, in oMoy land- ()r house-o\\Tier, farmer, and ratcqw-yur 
feeling it their duty to prevent a man being in their pansh long enough to qbtam a 
settlement there "The held for a labouring man v\as therefore physically limited to 
narrow bounds round the place v\here he lived, and any amingtunent which artifi¬ 
cially increastMl hi8 difficulty m obtaining a liouso in another district, where he could 
have steadier work and better w'ages, v^as a source of oppression to him. The law 
of settlement in narrow areas had lod to the pulling down of houses and restriction 
of the accommiMlataon of labourers in county paiishes in Scotland, and one result 
of that was that nearly one third of the whole people of Scotland hv ed m houses of 
one room That waa a fact which required to be enforced on the Legislature, m 
order that wider bounds of settlement might he adopted, as had been done ele\eu 
years ago m England 


On the pari m the Operation of Capital due to Fixed or Limited Amounts 
invested in Trade By Hvdc Clihkb, FS S 

Tlic author stated that it was populail) corisidoiod that capital in its excess or In 
Its defifjenry was uniform jn its uifluouce in all branches of commeice, and ho 
calltMl attention to hmuehes of liados wherein the amount of capital indicatwl c<»uld 
not practically bo increased A loady-money tradesman, as a baken might be 
quot^ os an example, and the total of such openitions waa largo In England^ 
r'rance, and Germany there were a number of ^rsons engaged in such trades, the 
savings of which in times of prospenty wmt to form a fund for the larger operor- 
tions of commerce, and the disturbance of which aggra\ated the seventy of a penod 
of pressure. 


On recent altemplB at Patent Legislation. By St. John V. Day, C.E. 

The author holds that the Lord Chancellor's Bill of 1870 is entirely contrary to 
what is wanted for the maintenance of an efficient Patent Law, he points out the 
insufficiency of tho numbers of examiners for which the Bill provides Exarntfut** 
tion can be and ought to be effectually carried out 

Tho pap(^r contains statistics for the requirements and practice advocated, 
shows on what grounds it is desirable to maintain the existing practice of granting 
provisional protection upon the filing of a provisional specification, the practice 5 
preparing abridgements is unnecessary, and serves no practical end, as in all cases 
it is essential to refer to the complete specifications themselves. 

The author also discusses the clause of tho Bill dealing with what tho examiners 
are to report upon, compulsory licenses, &c. 


On the Importance of extending the Brituih Gold ^andard^ with suLordirtaU 
Stiver Coins, to India as a remedy for the inconvenience in India of a rapid 
Lepn mtion of Silver. By W. Nbimow Hancock, LL,D. 

It was obvious to those who hod read the report of the Committee on the Depre^ 
elation of Silver that the British currency occupied an exceptionally eatisCactory 
l^itlon for meeting the great fluctuation in value which silver was undeigoifig. 
In India, under the government of the East-India Company, the primitive arrange- 
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ment of a nilv^r standard was allowed to remain; and ibis unsatisfactory state of 
matters continued till 1837, when, altbougb a new rupee was established, the use 
of sil\er as a standard was left unchanged The result lias becMi that the depre¬ 
ciation of sil'ver has produced a most sonous disturbance in the exchanges between 
this country and India, and lyw disturbed trade and monetary transactions m India 
generally One of the cause? of disturbance was the dwcoi ery of the fertile wlver- 
mlnos in California; and he regretted to ^ay that there was no guarantee against a 
further and ^tlll moie dieturbiiig fall m the \alue of siUer, hke what took place in 
the sixteenth century after the discovery of the silver-mines of Potosi Had the 
assimilation of the Indian and British currencies taken place in 1810 or 1833 no 
difllculty would have arisen any more than it had done in Canada or Austialla lie 
did n^it think that the change of the standard from silier to gold would involve any 
change in tlie mode of keeping accounts in nipees All that was rt^uired was to 
fix the proportion at which a sovereign would be a legal tender. As to the desira¬ 
bility of Ruch a ehangti ho thought there could he no doubt, and had the change 
been made when the value of the rupee was two shilhiigs it would liave been easy, 
08 a Hf)vereign would then have been exactly ton rupees. To remedy tho evil, the 
author concluded by expressing a desire that a reformation of the coinage and an 
assimilation of the currency between this country and Indio should take place 
during tho roj^n of Her MnjeHtv, as in that way the sovereignty of the Queen 
would, in the circulation of Bntiah ru|>ee« and British sovorcignH, marked with their 
fixed proportion of rupees, bo associated m tho mind of every nati\e of Lidia with 
tho lastmg benefit conieii'ed on hiruflelf and his countrv. 


Oil fSavines' Bants as a State Function (hvelopnl hy Oha'rtty th'gantsaixont 
By W. NKtiiSON Hancock, LL D. 

Tho lesults submitted to the Section were That now the perfectly safe places 
for the savings 9 f the poor are provided by tho State m such numbers, and for such 
long hours, and under such coiivoniont arrangements by the Post-Office Savings’ 
Banks, the obiect for which chantahle Savings* Banks were established has bwu 
fhlfiUed, and tnese imditutions have become unnecessary and ere a wORte of cliM 
ntable effect. 

That tho Statt< should withdiaw its connexion with them, as tho State has only 
imperfect and divided control, as the limitation of habihty of the charitable pro¬ 
moters makes the security *lmperfect, and os it is bad teachmg for the poor to offer 
them a bounty at the pubhc expense to invest th^ir savings in lead perfect security 
than the Poswffice Savings’ Banks 

^at the Toluntory closing of charitable Havings’ Bank? w going on too slowly, 
owing to the too limited provision for the compensation of the paid tifficerw. 

That the State would save £140,000 a year immediately, and as the paid officers 
died or retired would save £280,000 if the system r>f official audit in Ireland were 
extended to England and Scotland, and all the Trustee Banks and officers, as soon 
aa the audit was coniplet-ed, were taken over by the State 

That the services of the charitable promoters and honorary officers in instituting 
the general system of Savings* Bonks for the poor, which tlie State has been so long 
connected with, and the great profit to the Slate of immediate and complete con¬ 
version of charitable Savings* Banks into Post-IJffice Savings* Banks, makes it a cose 
where complete security of service or compenpation to the officers would not only 
be morally just, but economically advantageous to the State. 


On tJu Memorial of Eminent Sdentiftc Oenilemen in Favour of a Fi'i'imnfni 
Samiifio Museum, By J. Heyw'ood, FM,S, 


18* 
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The HeeultM of Five Years of Compuhorij Edncniion* 

By William Jack, LL,D. 

In thia paper tho author did not propose to discuss the Question whether the quality 
of elementary education m this country has improieu or deteriorated in conse- 
quenoe of the introduction of compnlsion Few luqiunes would bo more ddHciJt 
There is no absolute standard of quality. He used the word results for t\vo thuigs 
which can be mensurod in hgnres — 

f 1) The chanft:e in the number of children attending eflicient eleinentaiy schools. 

(2) The changOjif nnv, in the regnlanty of attendance at school 

In the English Education Act of 1870 the (TO\L*mment, for the first time, sanc¬ 
tioned the pnnciple that '\vlieie\er the school board of a locality bolieAcs that chil¬ 
dren ought to be compelled to attend school, parents viay be compelled to send them 
under penalty of fine or imprisonment, subject to such bye-laws as the school board 
may enact. 

Since that time schtjol boards representing a population of nearly 12 J millions of 
people in England and Wales ha^o passed and worked compulsory bye-law's Com¬ 
pulsion IS now ad()ptod by forty-six per cent of the whole population of England 
and Wales, and by eighty-two per cent of the borough population 

In the new Education Act of 1870 England has adopted the pnnciple of uni¬ 
versal compulsion, creating a school attendance committee wheie tnore is no school 
board, and enjoining that committee or the school board of the locality to make and 
enforce bye-laws and otherwise cany out the proMsions of the Act 

They are bnetly these — 

1st. It IS declared to be the duty of e\ery parent to see to the elementary educa¬ 
tion of his child aboAe ti\e and below fourteen. 

2nd No employer is pernutU'd to employ 

(rt) any child imder ten years of age, with certain (no doubt considerable) 
permitted exci'ptions, or 
{h) any child o\er ten and up to fourteen 

without a certificate either at education or of pieMous attendance qf a due amount, 

These provisions will come into force fully iti 1881 

After giving the goneial results for the three countries the writer proposed to look 
somewhat more in detail to the results of the application of compution in the l^e 
cities, wlucli are tyjK's of 82 per cent of the borough population of England The 
Act of 1870 decrecnl a schoed board for London The first step which the board 
took was to di'^cov er the actual school supply in the metropolis, and to make a rea¬ 
sonable estimate of w'hat was wanted. TTie Hovcmmoiit theory vrtis, that accomo¬ 
dation ought to be provided for one in six of the population After making allow¬ 
ances for the middle and upper classes, and for the necessary absences, the SchtK)! 
Board of London decided that a supply for one in eight of the population was enough 
to provide for rlemcntan/ schooling m its dislnct Accordingly it w^as necessary to 
have accommodation for 4 2(),0fK) children, the population in 1871 being approximately 
Tlio Board found schools existing in 1870, or erected or projected be¬ 
tween that and 1873, for 308,000, so that their first duty was to biula foi 112,000 
more children Many i»f the existing schools wore inefficient, they had to w'ork 
flgaduftlly towards the roim dolling or uprooting of these inefficient schools; they 
had to alter the habit of nregular attendance. Between tlio spring of 1871 and the 
Michaelmaa of 1873, tw'o and a half years, they had incTeased the average attend¬ 
ance by 00,000 At mulsiimmer, 1870, llie av erogo attendance had i isen to 30/5,740, 
on mcreoso of 131,448 over the spring of 1871, wlien it was 174,301. Thus in five 
years the average aUcndanco on efficient schools has risen by seventy-five per cent 
in the metropolis, against the Irish eight per cent, in five years Besides this there 
were 42,000 m non-efficient schools, wffiich w 1^,000 fewer than in the previous 
year There were 87,000 who ought to have been at school, but who were absent 
from ^Jnous causes at Midsummer 1870. 'This official estimate of deficiency is 
founded on the theory that fi7fi,000 children between three and thirteen roouire ele¬ 
mentary teaclung—say one in six of the population But the School Boara oi Lon¬ 
don do not think it necessary to provide school accommodation for more than440,000 
one in eight, and m fact they have proiided, up to the end of 1870, for 
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420,000, 'which 'v\ qa their ori^al estimate of existing deficiency They Im\ e only 
to pro\id 0 erticient schools for the children representing* the increa^-o of population 
since 1871, 

The change wrought hUice the foundation of the Scho<)I-ll4)ftnl wystem is thus 
onorraou'a (\m@idonng tho number of untrained childien dla^^n for the first timo 
within tho Sehool-Ifimrd net the regulnnly of alUmdnnce wicured ih also ^ory ro- 
lUftrknbJe It was 7^ per cent of theroU in Midsunimci, 74J percent nt Chustma^^, 
1875, 70J per cent at Midsummer, 1H70—rather better than that m Scotland , and 
the^^e roKiiltri are to be compared ^ith the (t7 per cent of Ireland, wliere there w no 
compulMon, and of all lOngland, where it h only partial 

()i the 87,000 not attending school in the metropolis I nuist add that 0»'»,000 aio 
under five, an age when we in Scotland scaiccly Ihmk of sending clnldien to school 
at all The infant-school H^^tenl !"<, it is 'well known, much more de\eloped in south 
than in norih Britain 

h^ir the sake of siniplu ity I hiue neglected the waiving ineroofo^ of population 
Ill the large towms 4’o take it into account would intioduce no material thangn in 
the comparalne figures, and \cry little change of any kind 

It remains foi m tti look nt the datksideuf compulsion In London tw^o pre- 
hminarv notices prcccdti tlie panmt’s summons before n magistrate for neglect of 
his children Tlic'-e warnings genorollv ha\o the olleet demied Thus there were 
35,000 A notices in la^l half-year, which brought 13,000 to school, or mailo them 
more regular, then there A^e^e J3,000 B notices, these weie followed bydOOOsum- 
manses and by about 3400 fines At (hat timo in London I’ll) people wore sum- 
Ttioned and 130 people w'cre fined tneiy week for neglecting the education of their 
children Tiie cost of this machinery foi the year is iJ4,(t00, being Is 7(f per head 
per annum on the (uera(}e attendance aeciired But the cost, liea\y though it ih, 
seems to me scarcely woith counting compared with tho feeling amongst tho poor 
■which I should expect these prosecutions to create, Tlieie is no sign, however, that 
the efficiency of the ure^ent compulsory action is dmumshmg The addition to the 
atteudnneo in the half-year ending MidHummer, 1875, waa 17,(300 In tho half-year 
ending Ohnstmos, 1875, it waa only 1400 But the winter w^aa an exceptionally ee- 
vore ouo, and the increase in the half-year ending Midsummer, 1870, haa again risen 
to 17,252 

Fijgures and percentages arc a^ to lea^u lather a \agiio and shadowy impreeeion ; 
and It may help to lealiro the difficulty os well ae tho extent of the problem practi- 
adly pre‘-ented to school-board officora if I take four instances at random from the 
report of the Jjondon HchfKil Board. They seem tome to throw a id light on 
the infinite \ariety of domestic and social entanglements in which the enforcement 
of compulsion inoMtably iinohes us 

** Richard Ku-t was "summoned for Richard, nine Tho lad is a \ei 7 bod one, 
and was rapdly gmng to ruin The father haiing aii'anged with some fiienda in 
the country to takt* eherge of him in the future, tho summons avhh wuthdra'wii upon 
payment of costs ” 

“Tomlin. In tins case, notwathstanding that fines w^ore imposed, and a warrant 
applied for and granted for the apprehension of the defendant, no good result en¬ 
sued, as the warrant officer was unable to apprehend the father, who ■worked ui the 
country, and seldom or ne^er returned home except on Sundays Aupheation was 
made to the magistrate for e summons against tho wife, on the*ground that she had 
the * actual custody/ This was granted, but she removed, and the iisitor has been 
unable to ascertain her address. She probably went into tho country.” 

“Richard Raymond was summoned at Lambeth police-court for negldcting to 
oause hia pon AViUiam to attend school. The father stated that the boy had been 
refused admission on account of an impediment in Lis speech. In order that In- 
qidrieB might be made Mr. Kllison adjourned the case for one weel^ when the state- 
ment of the father being proved false a fine of 2s. and costs was inflicted.’* 

“Homy Warner, summoned for his son, aped teo, pleaded that it was no fault of 
hb, that his wife was master of the situation, and would not let the lad attend 
school Case was adjourned for inquiry, which resulted in establishing the fact that 
the defendant was certainly not tho master of his household; but the magistorate 
said he ought to be, and fined him.** 
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A family like Ruat'a shifts its residence out of London The case drops out of 
the co^zanoe of those who have lonj? been watching it, and new officers have to take 
it up from the 'very beginmng Tomlin’s father h never at home except on Sun¬ 
days ; and 'when the school board officer siimmoDH the mother, who has the actual 
custody,” Mrs. Tomhn slips through his fingers like on eel Hayinond’s father pre¬ 
tends that he has an impediment, and that schooh won’t tako him in. l*oor War¬ 
ner has a wife who won’t let the lad attend nchool, and won’t let Warner send him 
there. There are forty coMea for every one of these every week , two thomuind 
times as many of such Htonos ore told anmiallv before the ptihce-courte of London, 
every one of them with some ingenious variation of pretended oxcuHe, or some 
miserable and perplexing real difficulty 

The statistics of I^verpool are as follow —The cost of compulsion is about 2a per 
child OH £As roU (about per child in average attendance), which is about twice 
what it IS in London ThcriucieaHe m the average attendance on public elementary 
BChoods in ^ve vearH is from 83,827 to 41,192, Wing 2l per cent, as against the 8 
percent, of Ireland or the 75 per coni of Loudon The average attendance has 
fallen from 70 per cent to 04 per cont of the niimlx*r on the roll, which is very sig¬ 
nificant of the riOBS of children brought in by the compulsory claiuaes Besides the 
public schools the authontiea of Ijivorpool estimate that there were 10,058 on the 
roll of all other elementary schools m 1871, and 14,300 of all others in 1875. Liver¬ 
pool has advanced but very much more slowly than London It started very 
much better than London did, and had for less leeway to make up It is difficult 
precisely to compare its present educational position with that of Ijoudon, because 
the non-public schools occupy much more of the ground in proptirtion than in the 
metropolis. Its population was 493,(XX) in 1871, and there were 14,000 seamen be¬ 
longing to the port. So far as school attendance goes there is probably little no'w 
to choose between the two cities. 

In Liverpool great attention is paid to the working of compulsory bye-laws. In 
the year ending October 1,1870, OJ 82 notices were issued to parents, and 1817 pro¬ 
secutions took place in consomience Tins would corro'^pond to about 12,OCX) m Lop- 
don, the rate there being 8000 Before the parent is prosecuted parents are brought 
by the notices to meet a member of the board and the superintendent of visitors, 
nod such meetings are hold two or three tunes a week For instance, the author is 
told, In one small district having about 2000 children, the parents of 355 were 
brought before a member of the board, and tho present result is that 124 ore regu¬ 
lars, 11 are debcate, 10 have removed, 0 ore over age, 1 has been exempt, wid thero 
are 203 who are atiU irregular, 24 of these have been summoned more than once. 
Those fiom the 203 who are still irregular who have not been summoned are not 
considered irregular enough for a sumraone.” 

The statistics of Manchester are somewhat similar to those of Liverpool The 
Manchester attendance returns were first coll<Hited by the board in December, 1871. 
At that date the average attendance was 20,328, and the number on the roll was 
39,240. The last quarterly returns for tho quarter ending June, 1870, showed 
82,220 oiiUdxeii in average and 50,401 in roll attendance. Thus in ^ years the 
arerage attendance Las risen 224 per cont, or 5 pr cent per annum, l^e poptila- 
tiem of Manchester has remained practically stationary during the time, so tW ibe 
•aame extMit of increase was not to be expected as m the case, for mstance, of Glas¬ 
gow and of London But the general effieci on the results of mining the allowuice 
would nowhere be of very great importance. 

The regularity of attendance may be measured as usual by the proportion whioh 
the average boars to the roll attendance It was 67 pr cent, in Manchester before 
oompulsion, it is now 04 per cent ; and the change stguifies that a new class, whose 
attendance it is unusuaUy difficult to secure or to m&e regular, has been broiij^t 
into schoed. Attendance in Manchester has not fallen much under the pressure of 
the compi^ry law, but it was not higber before, and it is a little lorwer now than 
the aver' p for all England and for Irmand. 

The compulsory powers of the School Board are extensively used in Manchester. 
The clerk of the Board tells me that the recent avenige U seven^ or eigh^ caaes 
^brought before tho m^utrate per week. Tho pressure Is exeroisM on two groumls 
-non-attendance and irregular attendance; bm the board at pdTeeent aims b oefr 
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Strain obildren to nve at least SO per cent, of possible attendances Tbe population 
of Mancbester is ^1,000, so that seventy per week—say 3500 per year—represents 
one prosecution for hundred persons But thiH rnto is only the o:iwting or re¬ 
cent rate In tho whole of 1875 there were only 1039 ino^ieculionB—«ay 20 per 
week^ or 1 m 340 of the populaUun The author supposes that the luoreasea acti\ity 
of provHecutioii is largely due to tho nse in tho increast‘d luuuber of atlondanees, 
from 50 80 per cent, required under recent bye-la^ s, in tho last week of M'hich 

he was told tho prt>serutionHamounU‘d to as many os 130, which is pi*etty much tho 
same ns for the ten times more populous city of London, lie does not know the 
expense of school-board prosecutions in Manchester. Both in that cit^ and in 
Li\ erpool tho attendance seeius to ha^ o become slightly less regular under compul¬ 
sion. 

In Birmingham the rosulta are \eTy remarkable Tho city was tho head-quarters 
of the Kducation licngue, and that powerful and intt‘lhgont organization influenced 
the fcichoed Board Kobiesse oblige. The fiist Bnmingham boaid felt itself bound 
to show what educational Jceal could do In Decembi r 1871 tlie a\erage attend¬ 
ance in pubhc elementary schools ^\as 1(5,203 Oonipulsion was not resorted to till 
May 1872. Then and since then the a\eiage bos been — 

December 1871 . . . 10,20*1 

May lH7i .. 20,028 

„ 1873 . 28,035 

„ 1874..30/1.39 

„ 3875 ... . ... 34,718 

„ 1870 . . .38,817 

Thus in 41 years the apparent increase in Bimungham has been 1*18 per cent 
When account is taken of naif-timers, according to tlje modes of computation of the 
department, the increase m these 4^ years la the prodigious one of 150 per cent. In 
addition to lliis the proportion of average attendance to the rr)l] attendance has risen 
from tl2 to 70 per cent. These inagnih^nt results make the record of the first two 
school boaida of Birmingham memorable in the educational annals of England. 
They ha\e not been obtained, however, without great exertioiis and se\ore pressure 
Since May 1872 prosecution has been resorted to in 7516 cases, an average of lUOO 
annually. At that rate tho annual average for London with lU 300,090 of atten¬ 
dance snould be 17,000 instead of 8000. Birmingham manages compulsiou cheaply. 
Proseoutionfl used to cohI them £1000 annually, they now cost, under a sratem of 
specially roduced fees, only £.*100. But the chief expense of w>mpulMon in LA>ndon, 
and probably e\erywhere, in due to the staff of Maitors Tlie mere legal expenses 
of compulsion in London were under £.‘100 in the half-year ending Midsmoiner, 1876. 

The compulsory action taken m Ltindon, Bumun^bam, Manchester, and Liverpool 
is very stringent. In London there is one proeecution annually for e\piy 450 oi the 
population; in Birmingham about one for o\erv 200; in Manchester about one for 
evefy 100 at preaeiit, and about one for eveiy 340 in 1875 To tho author it appears 
doubtful whether the poorer classes will long endure eucli a prewure with pauence. 
An tho conviction of tun necessity of school attendance and tho habit of obeaienoe to 
the law deepoiw In the maseoa of tho people w© may hope, doubtless, that tho same 
reauHa, or others e\en more oatisfactoiy, may be obwned at a far lower cort of 
process, with (dl the hardships and harassinentH which it invol>es. But it is diffi¬ 
cult to believe that so much pressure is neoeesory, 

In these respects the procedure and expSrionce of f^3a«gow are in remarkable con 
traat with that of England. The authuritxos started two years later than in Eng^ 
land \ and as new sohoola have often to be hidlt before children con be driven to 
scrlkoal, the first rears of compulsory action are always the least effective. The 
eults are these. In inspected school^ and not inspect^ efficient jKrhools charging the 
tame os board sohooLi, there were 

30,103 In average attendance in 3878 
36,508 „ „ 1874 

40,075 „ „ 1876 
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The Mse in two year* has thus been 12,<572, or 42 per cent., a rate ahnoetasremaik' 
nble US that of Birnungham, The percentage of ararage attendance to roll attend- 
ntice axnoiuitjj to ^ 

79 per cent in 187 
70 „ „ lr<74 

78 ), ,, 187*1 

\\iiicli is still more lomailfaWe Tho latest le^ults (October 0) art) lliat Glasgow 
havS managed to laise her a\oiage attendance to 8t per cent of tho uuiuborM on the 
roll Some not inspoot/'d efficient wthools aie inolndtHl in ihe'^o e^-timates, but they 
are a small fraction of the \\liolo, and their exche'ion A\ould not nmtenally alter tl)e 
proportions of inciea^e. They account for about .‘1000 cbildion. Setting them 
oaido, indeed, ^^e '*hnuld Im^e an incioaso of /K) ]K‘r cent in the two yeais in the in- 
sj>ected mIiooI'i, >\liich is la^aily quite equal to that of Jhiminghnni 

The reiunikable nait of the ta'^e of (ilasgow is tho manner m ^\hlch tlie compul¬ 
sory clausL'H hftAo ooen ^\olked The (ila'-gow secret is \ery wniple The boaid 
goes doivn among the defaulting parents, lioldiug fiequent meetangs in their 
locaUtie'4, to hear tho stoiies ttf the pooi and to persuade them for their own and 
tlien children’s goixl They tiv e\eiy thing befoie they prosecute TJiey distnbuto 
lly-leaios copiously, nanating the fact®, so as to make eieiy actual piosecution go 
as far os possible in persuading othei people Gentleness would be UM'less without 
firmness, and the Gia®goAv boaid has not woni its sword of jiu-tico altogether in 
^ain, but it has slirunk from ])row*cutiona with an energy and a success which, now 
that compulsion is to be unner«al, it is hoped w'o may «‘o widely imitated In some 
rural distncts, and peibaps nmIU sensible women for compulsory oflicers, prosecutions 
ought to be almost imiiecessarj The fact that the laiv is in the background ought 
there, at least, to be gcmeially sulUcieiit 

Tho name of the coineiier of the Glasgow Scbool-Boaid School Attendance Com¬ 
mittee will long be held in lionour for a work unique in its (haiactei and in its suc¬ 
cessful result In the three years (»f his reign the School Attendance Committee 
has dealt with k'ss by reracnals J810, and exemptions 1(W4—say 19,000 de¬ 

faulting parents Of thew', 8000 sent (hildren to school after a remonstrance and 
persoiud waining by ^i^it of the officers, /5800 more w^ent to school after notice 
sent to them wammg them of the ptissibihty of prosecution following that notice 
The members of the school board tnems^‘ho8 met with the defaulting parents on 
eighteen separate occasmns, and 1400 children of the balance of nearly 2200 were 
sent to fttffiool in consequence Only 51 have hem proMcated dwunf the thee ycar» 
of the action of the Boai d ICa ery thing is done to ai oid prosecutions, it is only 
w’hen e\ery thing else fails that they an? losorted to. Tlie ratepayers' money is 
saved, the g»)odwill and the consciences of the people are enlisted in education, tlie 
work of future boaids is made infinitely ea.«<ier, aua attemdance more regular than 
elsewhere has been secured No part (»f the labour of the Glasgow board has been 
more profitable than the eighteen mc^etings held wuth defaulling pai'ents, m different 
parts of the city where the people live, between February 1874 and Januair 1870. 
There were 1834 parents nummoned to meet the board, representing 2200 cmldren. 
All but 250 of the parents answered The board di\ided itself into fragments, each 
sitting separately, and m the whole of a long day getting through about one hun¬ 
dred cases each, Mr Mitchell lias ‘»how'n how' to meet the greatest difficulty of tho 
compulsory system Ills is a kindly aud patnarchal go'iemment Parents are, so 
far, reasonable creatures, and an ounce of gentle but ton persuasion seems to go as 
far wMth most of them as a pound of pimishment E'l en if, on a re\icw of the whole 
circumstances, it might seem desirable, it might in some cases be difficult to go back 
on the decided steps winch haie been token, and these steps, it must bo remem¬ 
bered, ba\e been fairly effectual In Tendon and Birtungbam the results obtained 
are undoubtedly satisfactory, and in Liverpool and Manchester they are consider¬ 
able The autnor does tftt pie tend for a moment to cridciae the actiou of men to 
whose ad^raUe labours this country and th(we great communities are deeply in¬ 
debted. Jle has no wish to make out percentages of credit for the different com¬ 
munities and school boards. If he did ne should certably bare to take account of 
an mfimiude of circumstancee which he baa neglected here. lie is deiding onl^ 
with actual results. But nobody will doubt that penuAiioD, with punisbmant in 
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tho baclcCTound, is a better way than punishment if only it be a possible "way; and 
Mr Mitcliell has shown that it is possible in Olasgo^^,-wlmtoAer may bo the trutli 
with rofjtird to other ^freat rities which haie nctcil moio sti icily Half the couiitiy 
c'onies no^%, fov the first time, under compuls< ly laws, and \\o tnoy ho] o at least to 
disseminate fnlucatiou as widely as m (Jlaaffow by tho t-nme wi'^o and 1x'ne\oIeut 
offoit among a wilhrg jeople 

ConipulMon (OHts far in ]iroptntiun in (Sln'^gow than in TJl^elpool—iiloout 
per head t.f Ihe iwcnngc Rtttnulaiice, instead nf Js (Uf ui London and .‘U. in 
Lnor})ool Tlie amount, whnh is Ld4()0 inbtead of CoTfX) ] ei ainiuiu for LiAeipool, 
IS considerable, hut it le-ss Ihnn that inciirred by more Hliingimt action The pro¬ 
cess has so far hef n eoiiallv f ftectnab cannot fail to leaie the pooler elasbcs 

in faAOur of, wlieicns tla othei mtHlo of at turn mav, tmo feais, len\e tlu m ho^lile to, 
education The nuthoi in otnicIusKm ^nu{ — 

There are few' pieymtalions (»f r-lalistics lo which some ohjt'etion may not he 
taken, nnd tho educalitmal statiMit's of tlie huge ttiwns undei ^f)KK 1 hoaiJs, and of 
the country so far os it is undt*i the tjflicial cogniiTanct' of the Liny Conned, can 
form no exception Some pinalt* ad^culture schools for t3io that necMl ele¬ 

mentary education still sur\i\o, nnd a few (f them may he ollicieiit It would 
scarcely affect my fjguie*(, the mnininluetd wlinli is cfinjiuatne, if I attempted 
to estimate tliesc additional elements in th(‘ problem on tho iiuulequulo data wdiich 
are alone actessibie If we confine oursehes to the hmad general ( onclasions which 
lie on the surface of the liguicfl 1 haAo gi\en, T think wc cannot go Aery fai wrong, 
1 throw together the re'^ults for the fne cities •— 



CoHtofcomptil- 
fiion per child 
in average 
aUii'iliinoe 

Prcfentrateof 
041 sea proaeoti¬ 
led annua ll^ itt 
pripulalion 

\niuml in- 
croajfte under 
rom pul Sion 
Ml oluldreii 
tuughi 

Change under compulsion 
in regulardj of attendance 

London 

; 7(f 

[ 1 in 1-50 1 

15 

From lo 70 per cent. 

Liverpool 

1 Otf : 

1 1 m 270 

4 

,, 70 to 04 ,, 

Manchester. 

1 

; 1 m100 

5 

,, 07 to 04 „ 

Birmuigliarn 


1 1 in 200 

31 

„ 02 t(j 70 ,, 

Glasgow 

1 J(L 1 

1 in 20,(XX) 

25 

„ lo 78 „ 


_ 
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1 ha\o not taken into account the educational position of the great towuia at tho 
begimuDg of the compulsory eia, and that is undoubtedly an element (and a consi¬ 
derable element) in tlie problem. But there w none t)f tliem in wliich there was not 
room for Aery great adAances. nnd in most of them ample room is btiU left for m- 
creaeing both the amount and tne legulanty of attendance. The population of MancLee- 
ter, forinBtance, is 8000 moi e than that of Bii miughem; but the a^ oroge attendance there 
is only 32,000, against 30,000 in Binnmghaxn Th<‘ London a\ erago aitendanto would 
need to be somethirg like 380,000 instead of .‘100,0(X) to reach tho Birmingham Ioao). 
The (Basgow attefudanco still lemaina Aery far below the point which it may bo ex¬ 
pected to reach I ha^e contented myfceli with recording the rate of advance from 
a potion far behind that which the great cities haAe now reached to one distinctly 
benind that to which they w ill probably soon attain 
Hiere la another point to which I haAe Bd%erted already The Scotch act does 
not) l&e the English act, suggest and authorize the nioki^ of bye-laws Tequiring so 
loaiw attendances out of the whole number noesible Tne sheiiff of Lanorkabire 
might refuse to recognize any standard the Olasgow board inchned to set np. But 
ibe b 3 re-lawB regulating the amount of attendance with which the English boarda 
will be satisfied are ponnissiAe and at their own discretion, and if they chooee 
may dispense; and Mr, Hughes, a leading member of the Manchester School Board, 
fOeitts to think that they ought to dispense with such byelaws. These rules mul^ply 
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fttatutorj offences accordiiw to an arbitrary definition. They create and^ as it 
irere, authome a recognized minimum of attendance. The Bumingham board have 
no minimum named, and ore theiefore much m the same position as the Glasgow 
board. Their bye-laws require perfectly regular attendance, and they enforce them 
at their discretion Perhaps the Glasgow Ward and the otht»r Hcotch boards could 
not if they hod wished ha\e pro^et uted OvS fnvjuontlv as their ueighbouw in Knglond 
Mr. Mitchell thinks and bdieies that a very gieat deal of the greater leniency 
and the smaller amoimt of prosiM-utnm in Scotltmd is duo to the more lenient spirit 
of the framers of the Scotch act lie js mo^^t probably right, and one of the main 
points to winch I hope that this discussion may direct the attention of school boards 
IB the policy or impolicy of very numeious and stnugent bye-laws. But I must 
again aisolaim any vvisli to assign crecbt to individual boards, or to seem to sit in 
judgment on their conduct 

I think that my figures conclusively prove that the best results, both in mcieOftod 
quantity and ifgiilauty of attendance, rt 4^ not neccHsanly connected with the 
strictest woiking of the compid^^ory law Manchester, which seenis at present to be 
etrictest, and J^iverpool, v\ lucli ih third on the list, are low'est in both respects, Bu- 
mmgham, whicli is sw ond m etrictness, is highest m increased quantity as well as 
in actual amount of education, and third in respect of regularity or attendance, which 
has nson there m a remarkable degree Lonaon, whicn iwema moBt lenient of the 
four great English cities, has increased education much meije rapidly than Manches* 
ter or laverpool, though it seems to have now reached very'^Mich tne same level m 
mspect of quantity It has a more regular attendance than "^her of these cities or 
than Birmingham Glasgow^ which in respect of compulsor}^ ^tion by legal process 
is almost ludicrously hmieiit m comparwoii with the other ^*hinds highest in 

respect of the regiuanty of atUmdauio ohtamed, and socoiuf^*'* i*espect of the in¬ 
creased quantity of education Of course neither Glasgow no. ny other board con 
reap where it hoe not sowed, and the paucity of legal proceHa45^^8 no sign that the 
OIoi^ow board did not spend an indelimto amoiuit of labour it *'eeunng the results 
it has obtained I am sjwaking only of the lost resort to the ]^^'ns and penalties of 
law, and I think 1 can scarcely be mistaken in saying that niy fi^ almo 2 )t dispnive 
the tlK^ory that tlie tightc^r the screw is pressed down in the actual punish¬ 

ment the more effnctive must tlie pro'wure become 

I do not care t(» prt'ss the inferences that the facts 1 have collated seem to me to 
establish any further than these conclusions — 

1 That tne need of the country for compulsory education was a crying neOd in 
1870 

2 That the success of the experiment which has now been tried in Scotland and 
in nearly half of England justifies the ratuicst advances that liavo been mode J)y the 
government in the bill of the present vear 

3. That compulsion has been earned out in one great city with perfect efficiency, 
and with a very tnfiing amount tif legal process. 

4. That no connexion between stringent legal compnlsoiy action and great educa¬ 
tional result is indicated by the figures. It is almost needless to say that 1 do not 
suppose that a school board can a«ely leave the matter to take care of itself. 


The Valuation of Property in Irdand, By Henet jBfHflOir. 

An increasing desire hoe latterly been evinced for the asamilation of the law* of 
England and Ireland. Amongst those which should be assimilated are the Uwa on 
the valuation of proprly. In England and Scotland the valuation la based opon 
the rent, in Ireland it is based on the prices of agncultural produce. VerV ebtong 
reasons can be adduced for the revaluation of Ireland. The present valuation has 
practically not been revised abce it was n^e. about twenty-five years a^; the 
value ff property has, however, changed conswerably, and great inequalit&et eodst 
as to tile inddmee of tatation. A revaluation bdng ih^ore necessary/ H is 
recommended that the Engfisb and Scotch system be Mlopte^ fot not alotte if.mt 
system more correct, hut by adopthig it the principle of valuation 
be made similar throughout the Umed SingdOtt. ^ acting on tm 
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tion we Bbould remove the inequahtiea in the incidonce of local taxation; we iihould 
alao romoTe the necessity for a large amount of separate legislation for Ireland, 
which 18 entailed by a different valuation, and we should make anotlior and a great 
stndo towards an object, on many grounds most eminently desirable, namely, the 
assimilation of the lawn of the o countries 


On Pliifstcal EiUtcation uml Uytjiene in ScliooU By \V, Jolli 


On the Onjanizatnjii of 0i lytnal lie^earcli. By llev. Dr 


On Spanish By Don Artoko de JlAncoAR'iir. 


On the Depredation of Silver a^ul a Gold Standard for Lulia, 

By Htepiiex Mason 

The author propos'd, aa a 8im])le and effectual remedy, the altering of the standard 
of value from sih er to gold The substitution of the one standard for the other might 
he carried into effect by the following method ’—I^et the Indian goA ernment adopt 
a gold standard as a measure of vfilue as soon os practicable, and witliout delay fax 
a ^te when all transactions shall be paid or settled upon a stmlmg basis for all suma 
exceeding ten rupees This plan dja not in^ohe the necessity of altering the oir- 
rency of India—a -very delicate and diflicult operation, aa (iermany baa found to 
her cost The suhstitntum of a gt>ld for a silior currency u\ India would reqiure at 
least £100,000,000 of gold, and entad a loss upon the Indian go^emluent uf not less 
tlian £20,000,000 sterling, possibly much more, besides dislocating the whole mone^ 
markets of the world, and in all probability lead to a groat financial (iisis m this 
country. Tins pohey should at once bo dismissed fts jjnpohtic and unwist>. 


On the Stiver Dilemma, By J. Matheson, Junr. 

The well-aacortained facts afflicting the question were:—Ist, that the pnee of bar 
silver, which for many years previous to 187*J had been sustained with Dttle finctii- 
ntion, the a^ erage being almost 60^/^ per oz, had since that period steadily dechned 
j(the drop as regarded the present year esw^ally being unequalled), via from 66(f. 
in January to 47d m July, 2nd, that the downward movement woe influenced by 
a vnnety of causes, of which the principal were the increased production of silver, 
and the falling off or a blank in some sources of demand; and drd, that the extra 
yield was entirely accounted for bv the increase of the production of the American 
^veivmines from £5,760,000 in 18^4 to £7,400,000 in 1876, with tlie prospect of a 
further increase m the present year. 

With respect to the various schemes put forth for a reform of the Indian currency 
ho described as errors the idea of supposing that the value of the rupee could be 
raised by legislative measures otherwise than locally, temporarily, and with gross in¬ 
justice towards one section of the community, or tnat a double standard might he 
adjusted and eustamed with Impunity, or that the mercantile public of India could 
be forced to import gold for the currency purposes of the country, without being 
the victims of a one-sided policy. If a gold currency were desiraDle for India the 
govamment alone, following the example of Qermany, might fitdnriy provide H. 

The general conclusion was thatr there was nothing m the existing criaia to war¬ 
rant the demonetizatinn of silver; and further, thM the principal silveiSvirfning 
conntrieA even if they de^red to do so, were not possessed or such wealth as lO^ht 
ret^der the attempt nractScable. The questkm was essentially fraught with nao&r^ 
uan ty . He canid not but think, however, that the mm tkoroimhly we grasped it 
the mm dearty did w« peredte the aMomhiating power of those great natural 
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Iaws. any interference with which would produce confusion worse confounded^ and 
on tne operation of which we might reasonably rely for relief from the present 
emergency if we would only let them alone. 


On OvnCiowding tn J^uy»^?oo 7. Bg It, W. Pitchbk, 


On the Educationnl Value of then Native lAtngmge to the Gatlic-spealuwj 
PopXihtion of Seotlaml Bg ]le\, W. 

Tlie author staU'd tiint liis expeiienoc, which \\a« fortified by that of the go'vem- 
ment inspectors, of Sheiiff Cleghorn, Shenff NuhoKui, Ihshup Eden, and othersj 
was that the effect i)f banishing the itst' of Gaelic from tho (lasses m English or 
Highland schools was that children w^ero taught to ICnglish fluently enough 

Avithont imderstanding the meaning of what they read Huiing tho past ten years 
ho had examined ten tlioiisand Highland eliildren, and he was (ouMiiced that satis¬ 
factory educational results weie to he obtained onlv h> purHUing a different method 
from "that of pxeUidiiig (Ta<*lic tianslation wluch had hitherto been followed. To 
ignon* or exclude tho natno language from the wdiool was to prolong tho use of tho 
Gaebc langungo (a prolongation against which he did not personally object), and to 
do 80 at the expeiuw' of intelhgencts education, and culture Tbo only way to ohtam 
an intelligent acquaintance with English in a largo section of tlie country was to 
moke use of the native tongue m explaining the meaning of English terms , and the 
adnutted failures in tho past worn in his opinion to be tinced to tho irrational method 
so long and extensnel^ practised 


Eheaff Com H ami Bdaiive Jiulicial Statistics 
Bg i\ IlcrssELn, Shenff^Subsiituts of Roxburgh. 

The author gave an historical sketch of the Bhenff Courts, which took their pre« 
sent form after the rebellion of 1746 At present the Sheriffs appointed their own 
substilute-i, and the aggregate salaries of those jud^s were nearly £40,000 per 
annum The jurubdiction of the courts extended to rul rriminal offences except Iho 
four pleas of the Cmwti , and during the last three years the number of people 
tried m the Court of Justiciary annuallv was 607, and in Shenff Courts 2012, be¬ 
sides what were known os summary trials. After the establishment of the Court 
of SesBoon in 1632, the lunsdiction of the Sheriffs in civil matters was limited, 
though still extenMNe The average annual number of flnal judgments during the 
five years from 1870 to 1874 m the Court of Session was 12fii0, and in the Sheriff 
Courts duimg the same period were—ordinary court 6470, debts recovery court 
2660, and small debt court 38,468 The appe^ to Shenffs during the last three 
years had averaged 627, of which 341 were sustained, 180 teemed, and 100 mixed. 


The Civiltzatton of South-Eastern Africa, By James Stephhksor, 


On (he Theory ami Ihraeiice of Accident Insurance by Sea and Land, 

By 1\ M. Taxt. 

Commencing by about thirty definitions of the word “ accident according to 
vanoa'^ authorities (very useful information for insurance companios), the paper 
treats separately m great detail of ocean accidents, railway accidents, and general 
accident ^ 

As to ocean accidents one curious fact was brought out, that these Tory 
with the aro of the captains commanding tho vessels, there being apparently a 
certain epo^ in the life of a master manner when danger of disaster u rediUted 
to a mimmum. Other things being equal, passengers are safer to sail under • cap** 
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t&iii of About 60 than under one of an earlier or more advanced a^e The entire 
premium to cover increAeed ruk of master manners is from 30« to w$ por cent per 
annum , that is to say, if a cler^man or hamster can obtam inpiuance on his ufe 
for £100 at a premium of £4, the premium required to uisure a master manner of 
the samo age would bo from £6 10a to £0 Thia la the ratio all loinidj hut captains 
of Cunard s and other first-rate lines would of course bo insured f ^r h ss 

As to railway accident'^ the facts wore not brought up to the latest dates Ilut 
it comes out very clcarlv that the ir^k to railv^ay oificiols actually employed on the 
hno IS excessive I^faily all railway accidents are remediable, and the tbanco of 
disaster could be still vastly reduced by a universal adoption tf the block and 
interlocking sveUro, tbe use of peifoct brakes, and other improvements long ago 
suggested 

The inortalitv fi( m accidents geneinlly is a very important and intere‘?ting de- 
paitmeiit of vital statistics The number of accidents occurnng in l^ngland and 
Wales IS reproduced from year to year with extiaordmary re^ulaiity, indicating the 
opi ration of a hxed law hxcessivo diMmon of labour nas a tendency to increase 
accidents by the intioductmn of new machinerj, at fast oft*n imperfectly under¬ 
stood The mtroductuTi of rmks and bicycles lias led to a wholly new class of 
accidents roqmiing special mtdicol treatment 

Insurance ofticts charge tlie same pitmmms against an unforseen casualty from 
the ages 15 to 00 But fiom very itcent data wholly leliable it was vtry clearly 
shown in the paper that the mortality from accidents incnnseH greatly at the 
more advanced ages, and tliat consequently wine diffeienco should bo made m the 
premiums applicabh to tliohe ages It is not lliat there are a greater number of 
accidents at those age^, hut tiint thtre is less power of rallying from the effects of 
an accident 

The paper concludes with specimen pohcies of the different companies, showing 
the ri'^k coveied and the gtntial conditions of tlie accident uisuraiut contract 


Oil the Bomchng-out of Pavpet Chikhen m England By Wm TutJAcr 

The RUthoi said that the sjstcm had ban adopted foi five vears in England, but 
in consequence of w ant of information, and an unfounded confusion in the pubhc 
mind of the systt m v^ ith tbe obnoxious and whoh sale farmmg out c f children with 
which St) many evils and cruelties weie associated, it had not made the progress 
which might have bten anticipated Ho warmly advocated the system, more espe- 
nallv for guls In contiosting it with the workhouse plan, he drew a vivid picture 
of the evils attfuding the association of children with adult paupers who weie 
often V icioufl, and w itn other children, many of whom had been sw ept from the 
streets In the system of district schools he ncognired a gieat improvement, but 
he did not think it was equal, espocioUy m tlie case of girls, to a sv^tem of boai^ug 
them out singly in oarenilly supervised cottage homes But the district school 
AVstem WAS al«) ohiectionahle on the score of cost A sort of institution mama had 
taken possession of many minds It seemed to be assumed that both adults and 
children should be gathered m masses and lodged m tmlatiol abodes at the pubho 
expense , and brents w ere t< mpted, he believed, to suffer their children to go into 
these places where they coidd get an excellent education with all the ndrimtages 
of a costly middle-class school at tbe public expense The Scotch pi ople, with 
proverbial natural shrewdness, had perceived a^d waided off this danger which 
won burdening Fngland Poor persons m Scotland were not tempted to throw 
their children on the rates by providing them with these palatial edmees Whereas 
many such children m luiglond cost from £20 to £30 pei anniun, the offspring of 
destitute Scotch poor were ns well or better cared for as a body for £10 emm, being 
tramed undei careful supervision m healthy and well-selected houses amongst the 
labouring classes, where they were never subject to the influence of the workhottie, 
but were gradually nnd naturally introduced into the wholoaome conditions of 
family and industrial life This wise system of supervised boardmg-out was being 
mmdually adopted in England, and it was to be hoped that in a few years it might 
become the general rule at any rate for pauper girls There weie altogetheroTO 
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poor-law unions m England^ of which 127 had adopted the boarding-out systeai in 
mater or less degree for some of their pauper chitlren There were^ in addition, 
forty-seven Welsh unions, of which thirty liad adopted the system The number 
of children boarded out was in England loOO, and m Wales 9CiO In nearly all the 
cases where the system had been appht d it had been found very successful, and the 
writer of the paper supplied a largo number of extracts from reports from Bir¬ 
mingham, Clifton (Bristol), Chorltou (Manchester), the Gumberland Umons, and 
the ognoultural distucts in Kent, showing that where the system was apphod chil¬ 
dren wert cared for at the rate of from £10 to £12 a year, that the children 
boarded out were improved in health, and had been readily drafted (ff into «tu- 
ations Thu only cases in which the system had failed in occomphslnng these blessed 
results was ^%he^o there had been a mgleet of supervision lie theiefore advocated 
the formation of ladies’ visiting committees in connexion with the unions At prt- 
sent the number of district and sepfirate schoids ^ os very small ns compared with 
the number of pauper children The erection of many su( h costly institutes was 
attended with pecuniary difficulty and was of questionable expediency On the 
other hand, sound economy and efficient results were combined m the apphcntion 
of the system of boarding-out, especially for children, but the system should be 
applied m its c unpleteness and entirety, and with frequent o^e^8lght by judiaoua 
^ isitors, and provision for the religious and moral education of every child 


The Prevention of the Pollution of IhvaB By ilie Bev. E Thomson 


The Siatisttce of the Indian Opium Revenue By ilu Eev F S TruKss. 

Tlie lost df bate on tlie Indian Budget in the House of (\)nimona demonstrated 
tho vital importancn of tlu (pium reionue , it h therefore impoitant to inquire into 
the piobabh stability rf this revenue At first sight an inspocluiiof flie returns 
from 1792 to 1872 is highW encouraging Dunng this long term of years we mark 
an mcroase, steady on the w hole, though with minor fluctuations, from £202,751 to 
£8,000,000 Not so satisfactory is the increasing telatxm impoitanoe of the opium 
revenue, which from being in 1702 one thirteenth of the land revenue, and one 
twenty-<.ighth of the total revenue, has now risen to the senous proportions of more 
than one third of tho land-revenue, and more than ouo sixth of the total revenue 
These figuies refer to tho gross revenue, and have to be sbghtly diminished for the 
net revenue Making the necessary deduction, opium has in eighty-threO years 
yielded the total net probt of £184,000,000, which may be taken as a partial set-off 
against the sum which British rule has cost India dunng the same penod 

ILgh authonties have warned us that we ought not to rely upon the continuance 
of this mcome, among otliers, Sir Charles Wingfield, six years ago, in the House 
of Commons, and this year, Sir George Oampb^ in the ‘ Fortnightly Eeview ’ 

Our lucrative monopoly of the China market is threatened by tho competition of 
the Chinese themselves This competition has been held in check by their own 
government, which, however, has gradually relaxed its opposition, and now threatens 
to abandon it altogether The poppy has spread enormou>dy in China since 1863 
For the last four years there has been a diminutiou of our opium revenue, which 
may be the beginning of a continuous decline Some recent items of news from 
China show that there is still some uncertainty about the direction Chinese policy 
Will take J S Mill lias pronounced agamet interference with the opium trade, 
hut, according to his own principles, an argument may be advanced in defence of 
the Obmese prohibitory legislation Gh«at mfliculties are thrown m the way qf this 
IfigislatioD m China by the political action of Great Bntam Thus opium may per¬ 
haps still contmue to bolster up Indian finance until moral laws work out some 
unexpe^ed, but not undeserved, retnbution 
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MECHANICAL SCIENCE. 

Address by Cbablsq W. Mbrrifikld, President of the Section, 

It ia generally most useful and moat interesting to intelligent listeners to hoar from 
those who address them that which is the most familiar to the nuud of the speaker. 
Passing by the question of primary education^ 1 propose, therefore, to roMew briefly 
our shortuimings m those subjects of instruction which are the necessary preludes to 
natural, and ospocioUv to mecnanicol, science. I then profK)He to direct your atten¬ 
tion to some points dewudent on the crowding of the populatioiij and especially to 
those consequences of it which are chiefly inteiesting to tne Sectitiu of Mechanical 

To such an oasemhly os I befoie me it hardly needs that I should say much 
on the importance of a widespread knowledge, os sound and <iXact as it can bo made, 
of the nature of all thuigs about us We neod this not only as a nation to compete 
with other nations, but we also need it moio and more every day as men The 
Crowded condition of the earth at this day is m the strongest contrast to its state in 
the early days of our race; and the iiecessilies of our life then and now are m as 
strong contrast as tliose two conditions, nr as the numbeis who Iu(h1 and live sub¬ 
ject to them. Even in the tuvrly days there was more knowledge afiKit than the 
thoughtless among us dream of At no stage of man’s history was life to be held 
on easy terms, ana to those who in early tunes neglected the knowledge necessary 
to take care of themsehes and those about them the penalty of their remissness was 
short and sure It is not less certam now. Equal difficulties and dangers still 
beset us, and are to bo mot with in the same way—by acquiiing knowledge, and hy 
applying it with industry and judgment. Only the knowledge that wo want is 
greater now than then, and, being a higher de\elopmout of knowledge, it requires 
to be more systematically learnt and taught This is an absolute necessity to us if 
we wish to extend, ot eien to preserve, the possibility of our momteuance in such 
masses os are gathered together m Western Europe, and in such towns as London 
or Glasgow, 

Although the possibiUty of our existence os we are has been the consequence of 
our ancestors, whether advisedly or not, yet successfully, following the mw just 
indicated, it Is one of the concomitants of thoir success that we have brought up 
amongst us the weak and foolish, who have rtwued the benefit of the knowledge 
and industry of others without participating m either sufficiently to understand the 
conditions which have rendered possible an ignorant, an idle, or a \iciou« life. Just 
as the cituen of a country which has been over long at peace does not imderstand 
that hla safety depends upon the fighting power of himself and of those who will 
take his part, so there are some in our midst who do not see the danger of ignorance 
or the waste of idleness. Those among us are peihaps few who do not recognize 
some disadvantage in ignorance and indolence, but there are, I fear, many who foil 
to realize the urgency of extirpating both to the uttermost Let mo not bo mis¬ 
understood ; I do not suggest that there should be no pause &om learning or from 
exerdon; life would not be worth having without its intervals of ease; but tha 
erjoyment of these precious intorv ols is only to bo purchased at the expense of 
hanitual thought and exertion, and, in our present social condition, we cannot 
safely neglect to afford to all amongst us opportunities of cultivating observation 
and thought. 

These remarks may seem to you something like ** slaving the dead ” To those 
engaged in the active work of mechanical industry, ignorance, stupidity, and indo¬ 
lence are the enemy at the gate, with whom there is and can be no truce. But let 
me a^ even you whether you have not among your circle of acquaintance many 
who think that the erudition of a few and the ignorance^f the many Is a better 
state of things than the muvereal and systematic instruedon which, happily for our- 
s^vea OUT representadve assembly has now determined to secure for all amongst 
us. Itet me ask whether there are not some who think the study of history or 
titerature &t more important than natural science *, some also who think that reQ- 
giouB teaching supersedes all other learning. All these doctrines are in my oi^oa 
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fabte, and danfferou^ to socio^. I do not undervalue either reli^oiu teaching or 
histoncal k no wedge Of the ionner, this la not the place in which it would become 
me to speak, eien were I it^ authon/od exponent Of the latter it would be almost 
equally preposterous to apeak slightingly No one feels more keenly or practically 
than I do tnat the past is the key to the future, and that all our knowledge depenew 
upon expenencp Not only do 1 acknowledge tins as an abstrat't truth, but 1 ha\e 
myaelf constantly IxH'n dn\en tt) lustoiical study before 1 could attain any real raaa- 
t&ry of the work winch lay before mo in any ol^my nmsmts, e\en of natural science* 
Moreover my habits and instincta ha\e a strong bias m that duertum, my early 
education having been classical and legal, and niy lirst actual employment having 
been in the nrcnmology of painting It is, theieforc, witli no piejudice against 
useful scholastic learning that I raise my \oiie against the misdirection of education. 
Still less IS it witli any prejudice again'.t the exactness of the knowledge to be 
acquired 

Let us for a moment reflect upon wliat marks tlie dilTerenee between what we 
are pleased to call cnihzation ana baibaiiHiii—wliat distinguishes tlio Anglo-Ame- 
ncau from the Red Indian, the Russian from tlio Taitar, the Western Kuropeau 
and hia colomal congeners fiom the races which he is goAcrmng or leplocing. It w 
not, or at least assuredly not alone, by mitsc ular HUTx>iionty, iioi la it by more 
astuteness, the saxage oi tlio halt-saxage (ompi'tos with us xerv favourably m both 
theae resjiecU To emphasize the real ditlerence, let us go a little further back, and 
ask ourseUes why the m'ar and the tiger are no longer a tenor to iH, and vvhy we 
feel socuie of the predominance of man, at any lato ngamst tlie larger and fiercer of 
the dwellers m tJie earfli, tlie water, and the air This piedominance is due solely 
to the Command w Inch our mttdlect has given us over the material powers of nature. 
Physical science has enabled iis to set thest» against tlie meie unaided strength of 
brutes Supeiior and more exact science has enabled the dominant laces to bring 
more of th(‘s<* mateiml forc(‘s to bear upon then enemiee than the barbarous tribi^ 
could array against them This is so unnrisally admitted as a prmciple that iU 
real application is often foigottoii, and there aie many who tluiik that our civilization 
has in it something mi ffpnenSf some special innate piinciplo which assures us 
B^mst barbarian attack, instead of regarding it in its proper light, as merely ono 
element of sliength winch may turn the balance in our favour, provided we are 
equally, or m^arl^ (‘qiially, mateliod in other reipects But history is not wanting 
in terrible lessons t»f the utter destruction of civih/ed communities. Long-continuea 
security and the accumulation of iixechaiucal applmuces carry with them and foater 
the seeds of social decay. 

These, perchance, aio remote contingencies, although ^ev on to nations disaster 
comes unexpected 

More immediate and more obvious risks are these iliat we may be beaten by 
other nations, not m a struggle for bare existence, but m mdustnal competition, 
and that the crowded population which has to bn maintained in these islands, ana 
which former prospeiity has accustomed to expensive liabiU of life, and not to the 
endurance (>f scarcity oi haidslup, may not find the means of exchanging its labour 
advantageously for tho material of its suwtonancu, or that ipiijraiico^if the condi¬ 
tions of health, or inattention t > its laws, may expose us to ebbease. Not all of us, 
I conjecture, have leahzed how much more diflicult aud c wth it is to keep in 
sperity and health the enormous agglomerations of humanity"which Western Eu¬ 
rope on the one hand, anti (?hina and India on the other present to us, than to feed 
tho Bcattered p ipulati un winch occupy the less crowded remons of the globe. I 
think some of us are now beginning at least to uudeistand that there are material 
difiBcultiea in keeping any largo collection of ono group of animated hfo^ together, so 
that each individual shall not intercept or contaminate the sources of "nourishment 
of himself or of others 

Now what I wnsh you to redact upon is, that these difficulties are material, and 
are th' refer© to bo m d by a thoiougn and widespread knowlodgo of natural science. 
With thm populations, whicli have more to fear fioni w^or and famine than from 
want of elbowroom, pohtical and hi&toncal knowledge m tho governing class is more 
important than exact natural knowledge in the odmmistrativ e class. As the popu- 
lalion thickens, the latter assumes mort* and more relative importance, and while I 
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do not think political wisdom will evei^ lose any of ito \aluI think it only a part of 
that political wisdom to recogmza that in anch commumties as ours the spread of 
natural srienco n of far muro imoiediato mveucy tlian any other secondary study. 
Whatever el 4** ho may know, viewed m the light of modern nocejsities, a man who 
U not fairly \eraed in exact science i» only a half-educated man , and if he has sub¬ 
stituted litoiatuie and history for natural scienct^, he has cho'^n the less i^‘<eful 
altemati\ c 

One of the ob-itncles to the sprt'ad of science, and to our national pro^ipontv, then, 
I take to be the undue preference gnen to literary over natural knowledge, and, in 
particular, the sacnHce of niathematitai to cla'wital study in the w^condary school 
If you ask me why I lay so much stiess ou mathematical teaching, ni> aiiswei j^, 
that wo need to study natuial science exactly an<l finantitalnoly, not ln'‘^el^ to ciani 
our memory witli the qiuvhtati\o characters of a lew plumornona Now, it we aie 
to count, to measuie, lo w^oigh, or otlierwiso to asc^otaiii quantity, we aie really 
practising anthmetic, gooraotiy, and raochanics. If wa can learn these more oci- 
vantagooml;y than by the orduiary courec of mathomatiCtd study, wo shall simply 
change the form of that study withiuit evading the thing Jhit in truth mathe¬ 
matics are too well understood, and on the whole too sonwibly taught, to admit of 
any gieat subversions Improvemonts in detad, and in the seloctiou of the inn^t 
useful bnvnches for study, there lh doubtless room for, and indeed these are beuig 
daily made The chief faults I notice aro in tonchiiig algebia too late, and in 
teaching Kuchd (so called) too early I regard abstract geometi> as a foolish 
study, unless acoumpanied, and even to a certain extent preceded, by tbo practice 
of huoar draw’inp Tins is too often neglected Moiooxer, I do not conaiaer that 
what IS called Kuchd—I use this oxpiesaiion advisedly—i'. the best p<isaiblo text¬ 
book for abstract geometry I doubt if Euclid, if wo jiidgi' Inm bv the best (Ircck 
text handed down to us, is suited hi our modem requirements What we actually 
u>e IS not Euchd, but onlj isolated porlionn of his book, freely altered by Robert 
Himson In my opinion the oimasions and alterations have dcpinod the book f)f all 
lifelike vigour and human intorost, and have made it as dull to tho matute leader 
as it necessarily is to the unfortunate boys whose first introduction to gooiuetry it 
too frequently forms 

Apart from the general fault of giving too low a place to mathematical teaching 
(a great fault, and one which xv^o are only slowly mending) is uur not paying suffi¬ 
cient attention, and sufficiently early attention, to meidianical and geometncal 
drawing, On tins point I need add but little to what w'os said by Pi ot. hleeming 
Jenkin in Ins oddiess to this Section at kklinburgh in 1871 That is possibly the 
point on which vve compare least favourably with neighbouring countries One 
important remark of his 1 am anxious to give prominence to, and that is, that dp- 
ficnptivo geometry is not what is wanted I fear, indeed, that many teachers of this 
subject have faded to reahzo its true meaumg, and confuse it with the theory of 
geometncal projection, of which it is in truth a dev elopmuut and extension, not a 
particular application So far as tbo preliminary chaptei s of an elementary worlc 
on it ore concerned, tho confusion is natuiol and perhaps not vei v material / for all 
that relates to the point and straight lino is simply plan and elevation, and tho plane 
needs but little more But the characteristic feature of descnntive geometry is duo 
to the fact that surfaces camiot (with the exception of cylindrical surface^) be 
represented by plan and elevation. They are therefore, in this science, tndicatt^d 
by a general and sv’stomatic method, which, wnthnut leproseuting them to tho eye, 
enables us to handle them georaoti ically, to find their intersections, tlnnr taiments, 
and tuoir shrwlows, w ith the same certainty as* if we ba<l models before us So far 
as points and lines, straight or curvo<l, are concerned, it does not differ from geome¬ 
trical projection , the difference is, tliat it deals eflectually with planes and curved 
lurfaoes, which geometncal projection cannot do. To those who Ijave to deal witli 
curved aurfoces it is os important as Imear drawing is to the ntudent of plane geo¬ 
metry, because models are practically unprocurable, and conception in three dimon- 
lions is not easily got, except through descriptive geometry. But for ordinary 
school purpoaes it is a v ery barren exercise. I state this adv isedly, being tlioroughly 
Iwniliar with both its use and abuse, A much more im wrtant exercise of 
znetry. and one more immediately useM; is the geometrical representation of anth- 
lo76* li) 
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metic, Buch as see in diamms nf thnist^ pressure, speed, work, temperature, 
heat, ram&U, and so forth. But I think this will take care of itself prorlded linear 
diawlng be l^ugbt eutHciently early 

I should leave my remarks iucomplete if I did not make what you may at first 
sight think a digression, namely, some observations on our practice of teaching 
languages, especially Latin and Greek But as they do form one side of education, 
and as we should only be half-educated without them, it is important that they 
should he effectually and economically taught. And none is this more important 
than to those who need to use them, but ho can spare bttle time from their more 
essential study of natural science I think all who value time will admit, if they 
allow themselvea independent reflection on the subiect, that Greek and I^tin are 
taught too much as exorcises of grammar and too httle as languages It is the same 
fault as we have hod in mathematics, where making boys learn KucUd has been 
taken to be the same as teaching them gtKjiuetry Now teaching grammar and 
“construing” boars to language tiie same ielation that diiU does to marching or 
shooting, or that swimming on a table does to taking the water In all tnese 
matters we Lav e learnt that nKKlerate drilling and plenty of work is the beat com- 
bmation, but we have not yet learnt this lesson in refeience to the classics. Our 
ancestors had learnt and practised it They spoke Latm in tlie schools, and to this 
the dnll-work of grammar and syntax was the proper complement I hope you 
manage thmgs better in Scotland, but in England it is the rule to spend from six 
to oi(|^t years m leanuug Latin and Greek, and it is the exception to be able to 
read either 

If we cannot escape the effects of this scholastic tendency to exaggerate the 
importance of mtellt^ctual gymnastics over actual knowledge in classical and geo¬ 
metrical teaching, lot us at least do our utmost to pre\entits being extended to 
other languages and to otlu'r studios Theie is a class which is exerting pressure 
that wav 


1 speak the more fearlessly on this subject, because, having raobt strongly advo¬ 
cated the extonhum of pure mathematJes, I cannot possibly bo mistaken for an 
objector to exact learning. 

Now, rctunung to the subject of mathematics, I think one cannot fail to be struck 
with the increasing tendency which they exhibit to pervade all study of natural 
science I need not ask you whether it ifl wanted for mechanics In the older 
books on chemistry, electricity, and so forth, it was quite an unusual thing to meet 
with an algebraic formula or a geometrical the<)rem Now. on the contrary, we 
find that one half of chemistir is pure algebra * organic chemistry, m particultf, is 
Bothmg but a special branch of algebra coupled with the experimental—1 had 
almost said occidental—fact that its formula are represented by actual comhlna^ 
tions. This disguised algebra enters so largely into chemical teaching that I hare 
seen full marks obtained in an elementary examination paper ^ chemistry by 
students who really knew nothing of the science, but who did un^rstuul sdj^bra 
well I have recently seen a great deal of scientific work passfag through the press, 
and 1 have been much struck by the way in which pure mathematics continually 
present themselves in all branches of Imowled^. The reason is not far to seek. 
We have passed the merely descriptive stages of knowledge in most sciences, and 
when we come to quantitative study—that is to say, to discuss number, measure, 
position, and force—we are using mathematics, whether wo know it and choose to 
call it so or not. Moreover, so far as we at present know, ordinary mathematics 
are the simplest ways of counting and measuring. 

I may mention, inddentally, that 1 thmk there are evidences that mathematical 
knowledge b spreading in many directions. Apart from what is doing In the uni¬ 
versities and high schools, I have myself an oppoTtunity of observing it elsewheref 
as the examiner for elementary pure mathematics for the Science and Art Depart¬ 
ment. Tl 4yfiar, in particular, I am able to say that there has been a very marked 
improvemuQt in the teowledge of the candidates under examination, and I think 
the tubing of the aciwee dasaes under the department is really beginning to tell 
in this important sufcgect. Compared with the requirements of this countiT, it is 
but a small matter, for there are only about 7000 candidates anfiually, m these 
candidates come up more than once. Nevertheless it is good so far as it goSSi imd 
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I Hope to aee a great extension of the Instruction in thin well as in other 
diroctione 

Afsuming the possession of a certain amount of knowledge, winch now all Lut 
utu%erBaUy spreaa, the only real difficulty of a thin population in a temperate 
climate is the protection of life and property That assuitMl, tliey can without 
difficulty supply thoir material wants iu the way of ammal and Aegcteble futni and 
of clothing A very little and generally a very easy selection eiiMures a sufficiently 
pure water simply. Moderate cleanliness will secure sweet air in the houses, and, 
except in the fens or in certain valleys, there is always pin’d air out of doors. 1 do 
not assort that these conditions always exist in simrsely peopled countn(‘S, it is 
suthcicnt that they may, and sometimes do, exist. 

Insecurity first, and therewith scarcity of food, ha^e been sufficient causes In most 
countrios and in moat tiiiirs to compel aggregation Towns, and e\cn largo cities, 
are quite as much a consequence of oarbansm os of ciMlwation The real problem 
of civilisation has been to render hfe tolerable in such aggrt'gations, and that problem 
IS only yet partially srdxed Wo shall see by-and-by that it is now presented to ua 
in a now and \ery troublesome form It has always been a lory difficult question, 
and the soenflee of life duo to its imperfect solution has been enormous, and i« 
still largo 

Among the difficulties of town lif(‘ I reckon chiefly — 

1. The insufficient supply of fresh air, whether from overcrowding within the 
housei^ or from narrowness or unwholosomoneas of the streets 

2 The mere proximity of individuals facilitating tho spread of contagious or 
infectious diaeosf) 

y. Tho getting rid of excreta or waste products 

4. A wnolosome water supply to be provided and kept pure. 

Of overcrowding I need not say much her©, the circumstances which determine 
that are the concern of Section F rather than of the Mechanical Section In this 
country at least it does not fall to the engineer to plan now cities in the wildemeaa. 
What he can do is to polliaU^ tho efiects of overcrowding by supplying the means of 
ventilation and cleanliness, I do not propose to-day to entangle myself m the 
great and complex problem of ventilation j yet it is well not to pass one or two 
points unnoticed. 

It is rathor difficult to say what pure bit is So far as health is concerned, the 
wind off the sea or the mountain is pure, or as good as pure Whether Uie east 
wind be so or not is an open question. I suspect that its unpleasant character is 
due more to its dryness, and consequently to its chilling effect—an effect quite 
independent of its temperature—than to any actual o^jiitammation. Meat and 
milk, at any rate, will keep good with an east wind at least os well as with a west 
wind. However this may be, wo are all sensible that when we are to leeward 
of a large town the wind smells of the town. Not to mention factories and 
unsavou^ trades, one day it has passed over miles of hot roofs and walls, and 
streets of unclean dust; another day. the rain or tho watercarts have converted 
miles of street into a reeking slougo, compared with which a natural |bn is a 
cleanly thing. In anv cos© we know and feel that we are breathing tE» waste 
products of human Industry and of human bfe, to the detriment of our vitality, os 
well as to the offimee of our nostrils, 

I do not think sufficient attention has been paid to the mischief which may 
arise from copious watering unaccompanied< by caiefUl scavenging. We aU know 
what town mud consists of, its wholesomest element being protobly what maW 
it look the worst, namely, soot. In London there are hundreds of acres of mud «a4 
dirt kept almost constantl;^ moist, by rain when there is any, and by wateroarto 
when there is not Now it seems to me that, merely looking at it from a broad 
general point of view, this Is not likely to be h^thr j it seems to combine all 
conditions neceasary to the cariying on of unheahKy putrefactive and vegetative, 
processes on a very extensive scale. 1 do not pretend to estimate the qaantitatire 
effect of this os mi element of disease, but 1 tiilnk it would be making a hutga 
demand on your faith as well as mine to ask you to doubt its qualitative effbef. 
At any rate, I think we ought to consider very seriously whether mere watering la 
any proper substitute for carefhl and complete scavenging, and whethe^ in fiict, wa 
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are not epuiling a uaeful prijei‘i4 by an unintelligible appbcation of it—one of the 
great dingers of improvnmput 

The soc*)iid point whitJi I have njentioned—the facilitation of contajfious or 
infectious di-oase by p.oxiniity—is obvious enough m its generality. Its 

details belting to Section 1 > 

The atmosphere is pr ib ibly a much greater earner of noxious germs than water; 
but, as Dr, Tyndall Inis judiciously remarked, the aenal germs appear to be some- 
tiniOB in a less forwanl, and sometimefl, perhaps, in a more eftote, state of develop¬ 
ment than those ^^hKll aro met Mitli m water, or which have once taken root upon 
moist On the n\ei*age, therefore, resistance it:) them is probably easier. 

Homou ‘1 this lUflv b', it is clear that vie cannot subject the supply of atmospheric 
air, Minch is necessary ft»r (jur lungs and skin, to the same complete chemical or 
mochamtal treatment as we can, and do, when necessary, our supply of drmking- 
wator Any attempt at the disinfection of air of doubtful punty must uecosHarily 
be of the cnidost and most empirical kind In the present state of our know- 
leilge and resources it can hardly bo of interest to the engineer 

The third p<uut ofFords a remarkable example of what 1 have just mentioned as 
the greatest danger of all improvements—their uiuntelhgent use. No one can 
deny that the Avaiei'closot and tne sewer are great mochamcal improveiiienta ; yet 
they have been great camera of disease. As npphed to the particular problem of 
getting nd of M^osie products, especially solid products, I do not thmk they wt re 
any improvement at on much that we already had. In many towns m Great 
Bntain, whore theri' previously existed a well undc^rstood and well earned out- 
scavenging system, I think they have done more m saving trouble than in con¬ 
ducing to health I think the real key to the problem of getting nd of the nuisance 
of vaste products js to be found in the old aphorism that dirt h snnply matter out 
of place I Fence (bo hist step is to take care that such products shail not become 
waste, ind one condition of this is, (hat they should nut be carelessly mixed The 
greater lort ol the sewage difficulty is, I ihuik, simply the result of neglecting this 
truth. It IS especially the case with Loudon wwnge With our wnti*r supply, our 
watercloset system in houses, our dramage of hoaxes, lactones, and streets all 
together, we have accumulated a n>or of hlth, complex adnuxture and 
enormous mass of whicJi Irnv o rendered it most difficult and dangerous to control 
effectually I think we shall yet be dinen to meet the difiiculty at its source in 
the way suggeeted—by deahng with it in detail, subdiv iding both from house to 
house and from kind to kmd, and allowing nothing but the mere washings of the 
streets to got mto our sewers at all So &r as the getting nd of waste products is 
concerned, I believe we muat be content to write off the whole cost of our Metro¬ 
politan Main Dramag<v 

There is another undoubted improvement which the legislature haa decided upon 
applying to London, concerning which I feel no small amount of misgiving lest it 
should be applied without intenigenoo, and that is, the constant supply of water in 
place of the intermittent cistern supply, Asa mere mechanical comonience it 
will be a veir great improvement, nut I foresee two dangers, one of sewage con¬ 
tamination tnrough the watercloseta, the other the waste of an article already 
becoming scarce The fii^t is no idle fear. The experience of Croydon and other 
places has shown that it is poasible to make the water supply and the sewage ft 
cumulating system, with fever or cholera as its inevitable consequence. It has 
been bad enough in several places of moderate size, but in London, whether we 

X d It with reference to toe mass of contammatmg material, or to the quanti^ 
man life to be affected by it, the risk has a rauen more senous aspect I shall 
be sorry to see the constant supply established in Ijondon without taking some 
e^ctuai g^urity, either by tlie interpoMtion of cisterns or otherwise, to prevent 
the possibihty of bad^draught from the cess to the drinking-water. Without some 
such pre'' wbon, I think the mechanical improvement may be a fatal gilt 
I have said that the problem of the crowd, if I may venture so to call that of 
maintaining puri^ In the supply of a dense population, is now presenting itself bj a 
new and very difficult form. That is so notably in the matter of wi&r suMily; 
bemuse uiftil now it has generally been possible, hy some expenditure In aquMUCts 
and care m the selection of the sources, to obtain a sufficient supply of tborougbfy 
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ffO()d water, not always perhaps of chemical puiit>, hut at any lato fue fn m nny 
^reat oontaminatiou of auiinni and especially of hum m oxcuda TIuh pt •^sibilitv 
threatens to disappear in the United Kingdom f^erei nilv , nnd c'^pecinlly ho with 
legard to the manufattuiiiig distnctaand to the ot hi < f Keglnt d, not only fioni the 
mere incieaso of the population, hut much moie fiom tli(' lnf;hoi cullnation i f the 
land. The moorlands are e\eiywhere being hu 1 1 n up for llie plough, fallows- 
mg hasgi\eii place to liea\y manuring and to s(‘a% 'ge ii rigiilion, botli ol A\lneli are 
lieely applied to pnstino as well n^i to aiablo IumI 'the p«ipulalion ot IjuUocIvM 
and sheep has also increased with the human p ipnh lion Tlie U"<nlt n llint the 
inm IS coutauiinatcHl as soon as it loaches tlio gri und The siufaro dimnnge, 
instead of King water 11 at 111 ally dihlilkd, flowing til’ clean gui'^s oi iin the 
w ishings fif nmiiuie The tpiing-water, again, is not pnio lain-wntei w lin h Imn 
]>assed thiongh a ro(k-filtrr aid lias taKen up some mini ml ingu dieiits, but la 
simply thcise manure washings more or less ctnnplolely tilti^red Jn ( ui stieams 
llie water derned fioui both these soiiices undeigoes fiesli e\pt ^iiie and (h iin'-iiig 
by aquatic \egetation, but at the samo time fiesh contaimnalion lie nieio 
statement of the problem in tlii'i way callie^ n\ ith it, almost nxiornatic .Ih , the 
inference that the cflecli\e diaiacter of hlli«ilion is a inatti'r for qunntit.itne 
nuestigation, not for assumption as peifect aid complete Wo know, mmeo^or, 
that some of these natuial lilteis ha\e been o^eJt ”^ked * 

J^et us now turn aside to consider what i'. tl e woik to be done, and what is, so 
far os we aie able to understand it, tbo woik rutuallv done by liltmtum 

I beheve I am nght in saving tliat with the exception of tlio strong c* iiosnes, 
x\ hich act like weapons latfui than as nndicameut'^, no one lenllv knows what 
poisoning IS. We must take it as an expiession used to summan/e tho unknown 
and possibly ixiacrutablo (ham of events ot which wo only set* tht* piimaiyenupo 
and tho ultimate efiect We may pi*rhnp* go ono ^tep mither in ie«>pect if (ha 
]>oiS(jnous effect of oigaiuc sewage in its unlilterod foim It coiitams, for one 
tiling, the dead products of oigamc d(‘cai A gmss lilt(*r or nn eaith filter yery 
lapidly renders tins part of the sewage inncdious by oxidizing it Then it con- 
lams germs of animal life, some of wmcli, unless intercepted or killed, piry para- 
siticnlly on tho larg(‘r mammalia Thiulh, it contains vegetable gornis, clotely 
allied, it would seem, to the moulds and otlu'i small fungi, these, finding a losting- 
place in our bodies, giow and destroy m spoil tlie cells of which our own gr^jwtn 
consists, much in the same wav that tho ^last fungus nn dihes tho worts 1 1 beer, 
or that tho common mould '^p<nlH tho tlavour of a pot of jam. The eflect ( f such 
spores ujKin us is called /vmutic disease Tlie tlist class of impunties h pretty 
easily dealt with. IVobahly the meaiiH nlieady exist of caleulnlmg at what pomt 
any given filtei will or will not bi* overt liaigt*d in respect of its defecating function 
by the oxidation or entanglement of ch* id matter Ilut the question of the filtra¬ 
tion of hving genus IS altogt>ther moio (^Kcure A\o know that many of them 
aio caught and effectually intercepUd hv both suiface and underground filtration , 
but we do n(d know m what proportion tins infincepting takes place, either on the 
aveiage of all geinw oi with lofeience to each kind of geim winch may be present 
—diflcrent questions not alwajs sutla lently distinguished Thou we also know 
that the life of s^mie geims is deslmvi d if their dovelepment be loo loi g retarded. 
Batoman, Michael Scott, and others atteitv'Urds have dewriKd the remaikable 
ellbct which stonng water in dark l.ai Ls has in keeping it clear, not only while it 
rommns in darkness, but evon under sub eauent exposure to hght. Now w^e have 
at present very bttle quantitative or well-ilig«>sted knowledge on these subjects. In 
fact, Lttlo more is known of them th ui is contauied in tho crude statement which 
I have ju^^t laid before you. We have no ^e^eH of experunents to show what 
or how many germs escape a givea ]n('tea8 of filtration or storage . and it la not 
every germ that w o need be afiaid of. tho greater part of them, probably, ai-e qu te 
iimocuoua. All that the chemists have been able to give us is a dubious estimate 
of the total quantity of organic matter (whatever that term may moon) which the 
influent and effluent waters soveially contain. They do not end cannot tell us m 
what form tlie matter exists, whether dead or olivo, animal or fungoid. Now £cr 
many purposes tho information h(> p\en is about as useful as it would be to know 
that there is animal and vcgelaVe life in n given field, without being told whether 
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itifl com or couch pafift, rats or rabbits. On this subject I think both the ©n^eer 
and the chemist will but grope in the dark until the biologist comes to their aid, 
working statistically with his microscope as woU as observing particular develop¬ 
ments* Whether any obser\ era are yet prepared by prolmiinnty knowledge for such 
1 m cstigations I know not, but sut(» 1 am that the need of them has c<jme 

It may be some consolation to the timid or foatidmus among my listonera tti be 
assured, first, that only a few organic germs are capable of hurting us. and, 
secondly, that an overw hebning proptirtion of the germs of life penshea without 
reaching maturity or at tinning the power of doing mischief. This destruction goes 
onto an extent little dieamt of except by thow* who have minutely examined the 
question It m not an exaggeration, but m many castes an nnder-stateraent, to say 
that a million germs nm nroduced in most of the lower forms of life fur one which 
e\or rtachos the reproductive stage in its turn Numeneal evidence la easily 
obtained of this m the eowe of ferns and lycopodiums and fungi among plants, and 
of many vMunus and fishes and other creatures of lower organization among 
animals This cnnstituU^s at the same time onr safeguard and our danger a 
safeguaid, by the improbability of our meeting the few survivors of this enormous 
diistruction ; a danger, from their rapid increase wlien thi'y do happn to moot with 
n resling-pluLe favuurnble to their di‘v elopment 
What IS prac'tically becoming most essential to us just now is to bo able to pass 
from vogue gonorolilu's, such as these, to definite and quantitative statemonfs. 

No doubt much may be done, and is daily being done, to come to the assistance 
of these natural proce^es of imritication by subniitting water of doubtful quality to 
various operations (aloulateu either in remove ceilnin clfissoH of unpunty, or to 
avoid clogging or otherwise ovcitasking the natural or other filters But nt 
present wo are working m the dark, and empiucally, m fact, applying quack 
remediofl at random, instead of «>thng to w'ork systeinnlically aiuf intelligently. 
Much fuller hnowledgo must bo acquiied before wo can understand our business 
In the meanwhile I think we must view with great and increasing distrust all 
merely selective sources of water supplv, and that, except perhaps in some favoured 
localities, such as the best of the gatliering founds rroin which (Glasgow is 
happily supplied, wc must not put too implicit confidence in any methods of 
filtration or noniig 

Besides, then, the general investigation which 1 have just spoken of, them 
remain two alteniativea to consider, each of doily mcronsing importance in certain 
locabtifts One is the separation of the drinking from the ordinary supply, the 
otherifl the distillation of tho dnnking-vvater Neither of these are now; and 
there are many places whore they are of obvious noctwity, and practised with the 
greatest cam accordingly, I think both require more attention than they have 
received in this country. 

As regards the separation of supply, it surelv is not seemly that where there is 
no scarcity of water, but only a scarcity of wh<des()tiio water, the woterclosets and 
factories and condensers of steam engines should be put in competition with the 
dry throats of the people for Die drinkahle supply 

The question of distillation also requires further study. ITieio seems to be 
no doubt that by subjecting water to sufficient heat we can destroy eveiy living 
germ in it, and that by distillation w© may combine this with the removal of 
almost all inorganic matter. At prostuit the process seems to be rather expensiva, 
and brings it up to a price which is far too bgh for its general use But I think 
that when the process comes to be carefully gone into, with a view to working it 
upon a very large scale, it may not he found impossible to effect a considerable 
saving upon this cost, In fact, the mere necessity of dehvenng the distflled water 
at as 1 w u lemperature as possible, without the use of too much cooling material, 
is a security for the employment of as little coal as possible We should require 
a settlei ent with the Excise to prevent the revenue suffering by fraud; bui no 
doubt a compromise could be arnv ed at if the necessity were felt to be urgent. 

The collection and arrangement of tny thoughts, with a view to the reniarks 
addressed to you, has hronght before my mind very strongly certi^ Con- 
Mdera^ons, some of which, being partly of a political character, I shi^ rather 
juojcate th*n discuss. 
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In the first place, there is an evident and urgent uotcssily fui the whole 
question of the watei supply, at any rate of England, being much moie tho¬ 
roughly investigated and taken in hand than it hovs hitherto boon thought 
neceswv 

Secondly, there is need for the concentiatiou of the busmess of th( supply and 
distnbution of water (including frefjuently the management of the gathinng 
grounds), the roasts, the liglitmg, and the drainage in oue boaid for each town oi 
district, profaably the luumcipal uuth nty In Lond n, whoio then is no such 
concentration, the waste and niconv emeuce arising from the independ( ncc tf the 
load gftfl, and water authoiihes in the mere mattei of breaking up the londs is be¬ 
coming a ry 8 noics c msideiati in 

Thirdly, thou is a want (1 kn ivvled^t t i natuial science m the local govtrning 
bodies, which is but ill Hupphod by their tmpl mnent ol professional f fticcis Much 
more of it is wanted in the governing councils themselves before tbeir technical 
advisors can be either pr peily approciated or properly controlled Whether this 
18 to bo got bv tin dinct infusion of a piofissionnl eh ment into the council itself, 
or wluther it is best to wait foi tin general spjead >f natural knowledge,! scarcely 
care ov( n to f nin a ]udginout 

Fouithlv it IS a popular delusi n, especiiilU pievaknt iii this Section, that the 
invtntiou and provisit n of a mechanical onvtmenco arc necossauly an immediate 
Hociolbtnefit Theie aro nianv ca os in winch the direct ef^ct is to facilitate 
personal mdolonce or caiokssnesg It is then a positive evil, until, cither by 
natural selection or bv^ c\penontt, luoro cartful habits have bteri reveited to 
Ihero aie other cases In which the indirect consequenct s are mori mischievous 
than the direct advantages are beneficial lloie, again thoit is no bentfit until 
those consequtmees have been mtt Thert is a disadvantage which only attaches 
to the immwiale effects of some particular inventions On the whole, of course, 
inventiou is not only a good thing but, together with discoverj, a nocassity of our 
nature and of our existence Meanwhile our immediate national necessity is a 
wider, deeper, more exact, and more g( noral spicod of natural knowledge 


Chi ilit Reimial of Su^niqueous Rotl^ by fJte Diamond Rocl-boni 
By Major Lkauront, M P 


On the Removal of Sand-bar% from Ilarbcur^monikn By M BtROFRON 


I£and~machtne for Shaptny ami Finishing Metal Surfaces By J B Betnon 


A Flanging-iron and Steel Plates for Boiler purposes By A B Bbowk 


On an Fngine for Stai tmg and Reversing large Marine Engines 
By A B Brown 

The prmcipal feature of this engine consisted of a combination of steam and 
bydraunc cylinders, controlled by an automatic valve-^ar, which enaUee the 
engmeer to reverse the largest encinee without assistance in a few seconds This 
IS accomplished by the lever which opens and closes the steam and hydraulio 
valves being hung partly on the reversing-lever and at its other extreme on the 
Wolgh-eh*« lever, so that any motion given to it and the valves by the engineer 
in one direction is counteracted by the movement of the weigh-shaft lever to 
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wLich the links of tho merine engine are attached. In this way these links follow 
the motion of tho reversing: lever, and are locked fast at any degree of expansion 
in tho quadrant 


On a Maclnne for ike LxquefuiUon of Gases by combined Cold and Pressure* 
By i J CoLKM\N,/IC'xS', 

This papoi destiilxa a powerful machine, erected for dealing witli SCO,000 feet 
per day of waste gases at tho woiks of Young’s Paraflln Light and Mineral Oil 
Company 

The mnchiiie indudes— 

Ist Tlie pumjiing ot the gas hy steam-power into a system of tubes externally 
< ooled bv wafer, and from vvliicli condensed liquids aio vvithdiavvn 

-^nd tinplojing tliu condensed gas, aftfr being deprived of hquuls, for working 
n second engine coupled 'mth and parallel to tlie fiist, thus lecoveiing a portion of 
the foicc originally euiplovcd in compression 
drd Luiploving tho expanded gas, having had its tcnipeialuro reduced in tho 
.ict of doing worS, as a cooling agent for a i>orlion of the condensers to near zero 
Fahrenheit 


On Dratnaye Outlets ih}ou(Jh Slob Lands* By A. CuuM-EwiifG. 

The author described the nuans ho had employed to open up a channo. , , 
miles long through slob, in the colony of llcmcrara, for the purpose of recptabhah- 
mg natural drainage This slob is a deposit from the great rivers of the northern 
part of South Aruirica , and when it sets in in front of the plantations, completely 
olocks up their ^Iniiuage outlets The method employed was to lay a steel rope 
all the length of tho mud-hank, and, by meana of Fowler’s clip-drum placed m a 
small steani-v easel, which had strong arag-harrows attached, to run the whole 
apparatus rapidly fiom end to end of tho rope When tho water discharged from 
two very powerful centnfugal pumps was brought to bear after the dredge, a 
marked effect was produced, and a channel w^as being rapidly opened deep enough 
nnd wide enough to carry off tho heavy rainfalls (sometimes as much as six inches 
a twenty-four hours) without having recourse to pumping—a matter of great cr“ 
sequence, os tho expense nnd nsk of pumping ore large. 


On recent Attempts at PaUni Legislation. By St. J. Vjn 


On the Fomn of Bhcls for Testing Cement* By G. F. Diacon, 


On the i!^trength of Concrete as affected by delay between mixing and 
pladng in situ. By G. F. Deacon. 


Description of Stoheross Docks. By J. Deas. 

Tho first portion of gjouud pnrehast'd for the works was in 184^, and consisted 
of 35 acres At that tin.o a wot dock and tidal basin w tro proposed, having a 
total water space of 17 acres and 16 acres of quay space, tho len^h of quayage 
being 1458 yards. Until within the last few years, however, the Clyde laiistm 
were able ^ ^ obtain ground on both margins of the river sufficient for the required 
quay extension^ the river itself forming the water space, and requiring little ex- 
l>ense tovmake it available opposite tho new quays. 

In 1664 the Edinburgh and Glasgow Bailwaj Company (now mened in the 
Xorth British Bailway Company) obtained an act to make a railway from th^ 
Helensburgh hrancli to the authorized docks, with a itation immediately on tibe 
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north side of the docks, but nothing was done till 1870, when the Cl\de trustees 
obtained an act for enlarged docks &c, and the ruihvay company an act for the 
leuovol of the site of the station 

Under their net the ( l\do truRtecs purchnard additionnl ground to enable them 
to cniry out the works now nuthoruta The Inigc cai toon plan bhowed the gtncral 
outline of the docks and the dneiRion of the I unthouse It( ad iVc The road is 
*55 ftot wide, and e\t( nds fiom Sand^tord Sheet to Stoberops Stu(t, or a length 
of 08) yards, it has b((n forntd tnhrely in cutting, the average depth being 
201 feet, ibe greatest dtpth I Itet and tho total quantity nmoyed 'was nearly 
X)0,000 cubic jurdn, of wliuh about a fourth %vas boulder clay Only tbo 
immense power ot lynninitc enabled this to l>e itnioi ( d Hit cost of the itad, 
lutludiii-^ land, was about dL*15 OCO 

The docks will bp tidal, and when (ompktt will atloid d4 aorta of water 
space 20 feet deep at low watei and will t iniiisi Hue bnsine Iluj tulianco 
from the m*r is at the west end ot the docks and is 100 feet in width, tonimuni- 
eating with an outer basin ( 05 fit fc widt at its widest j ait and tw > inner basins, 
270 feet and 210 tu t wide ieppe( tnely, 11 < ] u r 1 ctwt tn 1 enig 105 ftet wide The 
total area of quay spact will bo 27^ uits andtlu Icngtli ct quays about H42yards 

The entrance will be spanned by a sw ng biidgt workt I by hydraulic jwwer, 
and capable of t airy mg a i oiling k d of (0 tons lluie will also br ft ui coaling- 
crancp, e ich capable f liftii g ^0 1 ns al j worked by hydiiubc powtr The 
bridge, cranes and the necessary Indiauhc inachintry are bcii g cinstmcUd by 
Sir W G Armstuig ^ Co llu quays will aho 1 1 provided with sheds grun- 
stores, , and lines ot laik 

From the boungs made on the line tf the qua^ yvalls, it was nsctrlained that 
the etittta weic of tlio worst pos^^ible kind in winch to consliuct sueli woiks, con¬ 
sisting as llu V do (excepting at the noith west reiner, wluri bt ulckr clay was 
found) of water bearing gravel and sand, interhpeifttd with pocittsof miul and 
that to reach the lock with tht foundatuus, except along a portion of the north 
quay, would be out of the question A longitudinal and a cross section of the site 
of the docks, showing the strata as ascerta iitd fiom tlie boas, wtu sht wn on the 
cartoons 

For the portion of north wall m the b iildei clay, and when the rock was within 
a depth of about 40 f et under copo le\tl, the usual section of wall lius been 
adopted, but for the rennmder of the w alls Rud bndgt st at, where the stratum is of 
Sana and gray el S^e , charged with an enoimous quantity ( f watti especially under 
low-water level, and the lock at a dtpth of fiom 50 feel to 100 ft* t bilow cope- 
level, the system of cylinder substructure itcommendtd by Mr Balemaii and the 
author of this paptr in 1800 and succ ssfully cnrru d into tfiiet in the construction 
of Plantation Quay wall and OO-ton crane seat there, in 1870-76, was again fixed 
upon A small portion of the west wall of the dock is founded on sheet and beai- 
iDg piles where the bouldcivclay suddenly dips, and a timber-wharf outside of the 
dock-entrance, wheie the quay may bo oi a less permanent nature 

The cartoons showed the ge ncral di tails of the w holo of tht se’w alls, as well as of 
the bndge-seat 

Ihe first contract, < mbracing the entrance and western portion of the docks’ 
walls, was let in August 1872, the amount being fully £160 000 

Iho whole of the cylinders arc of concrete, composed of 6 of giaycl or broken 
stones and sharp sand to 1 of Portland ^eniont of the strongest description, mixed 
together by steam-power with the necessary water The cy liuders for Iht quav- 
walls are about 27 feet 0 inches m height, made up of rings 2 feet 0 inches deep, 
the tbekness bting 1 foot 11 inches Tluse rings aie fcimcd withm wooden 
moulds, on a platform, and, to frcihtate hfting and break bond when built into the 
cylinder, they are divided into three pieces andfourpitet s alternately The dividing 
of the rings la effected by iron plates ploced across the mould m the positions 
required The cor^lhng or beyelling of the bottom nng is done by placing con¬ 
tracting pieces in the mould on which to shape the nng The seat for the iron 
washer on the top of the first, or “corbelled nng,” and tne boles for the bolts to 
secure the same to the iron shoe are also form^ in the moulding of the rings 
The concrete, as it is filled into the moulds, is well rammed with rammers weighing 
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35 lb,, BO oa to secure homogeneity and a Bmooth surface. Twelve hours after 
fillinff the moulds the diviaion-platea are withdrawn, and two days thereafter the 
moulds are removed from the sides of the nnp^s, and in a period varying from nine 
days in dry hot weather to three weeks in rainy weather, the rings are ready for 
removal and building The content of one ring complete is lOJ cubic yards and 
the weight 18 tons , the heaMcst portion weighs about 0 tons 

The shoes are of cost-iron, 2 feet deep, of the same external shape as the bottom 
of the cylinder, of 1-inrh metal, with ahe\oUf‘d inner shelf on which the corbelled 
ring of the cyliiider re‘*ts, and to winch it is secured with a malleable iron nng ov 
washer, 5 inches by J inch thick, held down l}-inch bolts The shoos of the 
ordinary triune ohuders weigh about 4^ ti>ns each, and, for com enience in handling, 
are made in six parts 

In the coustruition of the cylinder suhstmeture, a trench is mode iu the line of 
the foundation (the bottom being aljout low-water level), of the necessary width, 
and slopes of about IJ bon/ontal to 1 perpenduular, o\er which, or alongside, is 
erected the noci'ssary staging to cairy the travelling cranes and digging apparatus. 
The shoes ore placed on the bottom of the trench in proper line and position , the 
concrete rings are then built up m nngs of three and four pieces Hlternately, 
pointed in cement, and the digging out of the sand or gravel &c within the 
cybnder-wolls is commenced Spwial diggers or excav ators have been designed 
for this purpose 

A load or from ilOO to 400 tons of cast-iron weights is generally required during 
the sinking of each tnune group of cylinders, to assist in sinking it to the proper 
depth, which is 48 feet 7 luclies from the cope-level of the quay tt> the bottom of 
the shoe. The average rate of sinking is about 12 inches per hour m good working 
sand, however, as much as feet per hour has been attained 

When each group of c} hnders is sunk to the proper depth, the wells are filled 
to the top with Portland-c(*ment concrete, lowered to its placo carefully. 

To effectually^ close up the apertures formed by the loming of each two groups 
of cylinders, a timber chocb-pile, 2o feet long by 0 inches sauare, is driven behind, 
angfewise, so that a sharp comer mav bear hard against ©acn of the cylinders. 

The foundation for the swing-bndge consists of twoh e concrete cylinders, each 
0 feet m external diameter, 20 ft*et in depth by 23 inches thick, formed in rings, 
and resting on cast-iron shoes, a» described for the quay-wall foundations. After 
the cylinders were sunk, they and the interstices between them were cleaned out 
and fillod to the top with concrete, cliock-pilos being driven where required. On 
the cybnder-foundation thus formed, a stepped ashlar pier, 16 feet square at the 
bottom and 10 feet ^Mnla^e at the top, by 7 leet high, is erected, with a block of gra¬ 
nite 7 feet square by 3 feet 6 inches deep, on which the centre bfting-press of the 
bridge rests This pier is surrounded by concrete rubble, the whole forming a 
mass of masonry 36 feet 6 inches by 32 feet 6 inches by 10 feet 0 inches high. 

The foundations for the hydraulic rams, capstans, and side walls of the bndge-pit 
are formed on single concrete cybnders placed apart and spanned between by brick 
arches. The cartoons showed the details of the foundations. 

The first of the ground acquired for the docks was bought in 1845, at 0s. GdL per 
square yard, and the last in 1872, at 35s 

The total cost of the docks, when fully equipped, will approach £1,500,000. 


Improved Safety-Jjyparaitis for Mins-Hoists and Warehoiise^Lifts, 

By T^oatis Dobbox. 

This apparatus, for checking the downward movement of the cage, or hoist-box, 
in case' f the breaking of the suspending^rope or gear, consists of a mechanicai 
arrangenient of levers, which expand through the intervention of a spriitf aoting 
upon the inner end of such levers through a alidmg^leeve, and so ^^struttSxg 
as it were, against the goidea, or by gripping the guide-ropes, where ropes are em¬ 
ployed instead of upright timbers. 
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On the Application of Spring Fenden to Pur’‘heads. By STortikeb Evanb, 


On a Safety-Loci: for Facing-points, By Mortimeb Eta^s, 


On the Ei’perimeufs made at ike Camp at Aldershot with a new form of Military 
Fidd-Eailway^ for rapid construcUon in war time By J B Fell. 

Fu'ld-railwajs arr now recognized as being amongst the most important appli¬ 
ances in modem warfare; but Inthorto it has Wen found impossible to have them 
roustriicted with such rapidity os to be available for the ti‘arisport-ser\ice at the 
commencement of a war 

The C'nniean war was far advanced before the Balaclava railway was finished 
The Ahy'^simnn war was over about the same time as the rnilwfl} from /oolla to 
tho Kooiuaglee Foss was completed 

The railway made hy the Oerinau army in the FrancO“(4(‘rniau w ar was not ready 
for working until within a few days of the fall of MeU, when it became us^deHS 

The railway sent out to the (iold Coast was absoluhdy useless, and the difficulties 
and dangers of the expedition w^ero much increased by want of tho moans of trans¬ 
port which the railwaj" might have afforded for tho first luiles on the road to 
Coomoftsie Couscquontly the use of field-railwflys to a great extent depends upon 
the rapidity with whuh they can be eonhtructed 

Tho cause of the partial lailure of the military niilwavs hithoito made is to be 
found in tho impossibility of executing the works of which ordinary rail ay a con¬ 
sist. such as cuttings, embankmeuta, and masonry, with the rapidity necessary for 
laying down a field-railway at the commencement, or even m tho early part of 
a war 

Our Government have therefore had under consideration the practicability of 
adopting some other method of construction by which the diflicultitw hitherto 
experienced might bo overcome For this ohiect the Bo^al Engineer Committee 
at Chatham have had a senes of experiments earned out at tho i amp at Aldershot, 
of whicli Captain Luard, R E, and the writer of this paper had charge The 
experimental railway consisted of a succession of timber viaducts, which supplied 
the place of earthworks, culverts, and bridges, and which, when the materials had 
been prepared, could be orectovl with great rapidity The conditions the Com¬ 
mittee desired to have fiilfilUsl in the tnals were, that on engine, not exceeding six 
tons in weight, should take a train of thirty tons up an incline of 1 in 50, and travel 
at an average speed of 10 miles and maximum of ^ miles an hour. The waggons 
were mj^mrod to carry a load of three tons of dead weight each, and from flOO to 
500 cubic feet of bulky articles, such as tents, hay, and comraiesanat stores A 
seven-ton siege-gun was to be carried on two waggons; and it was to bo shown to 
be practicable to construct one mile of railway per day over such ground os was 
selected by tho Oonynittee at Aldershot, by the labour of 500 men. 

The experimental railway was one mile in length, the gauge 18 inches, steepest 
gradient I in 50, the sharpest curve 3 chains radius, and one of tJie viaducts, was 
000 feet in length and 24 feet in height Tho structure was of a simple form, and 
consisted of two beams, which wore bolted to a kind of trestle-work supports, 
which were sunk to a depth of 12 inches and firmly fixed in tho ^und, the rails 
being hud on the beams, completed the lAilway, for the construction of which no 
other than military labour was required. 

The exponments occupied at intervals a period of twelve months, and the Com¬ 
mittee came to the conclusion that the result of the trials hod proved that the 
above-named conditions had been in eveiy respect comphed with and exceeded. 

It had been shown that a single line of flela-railway, constmeted on the systein 
emj^oyed at Aldershot, would be cwable of canying ammunition and commissR- 
riatsiores sufficient for the supply ofan army of 100,000 men; that a double line, 
and day and night service, would be capable of supplying an army of 800,000 mui; 
that A luiA of railway could be made, over ground rimilar to that at Aldertho^ 
At the rate of 2 miles a day by 600 men j and thw;, if it should ever be required, ii 
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would be possible to construct a field-railway at the speed at which an army of 
100,000 men could march 

Besides the Royal E^neer Committee, a considerable number of civil and 
military ongineors, both English and foreign, were present nt tiio experiments 
In the course of the tiinh and subsequently impro^ einouts havo been made m 
the form, material, and details of the stiuctun*, by wliith the carrying powers and 
the efflcioney of the railway ha\o bcMui consulenibl\ increased 

An ordinary triiix'^pori ship accompfin\ ing nn expedition w ould carry the matcriala 
and rolling-stock for 12 miles of held-iailway, and the ‘Oreat Eastern* steamship 
would cariy from 70 to HO miles 

The cost ot the rnilo of railway at Aldershot, xxith sidings^ stations, and rolling- 
stock was £3600, and a similar railway of 2 feet 0 inches or 3 feet gauge, to be 
worked by engines of ten Ions weight, and waggons carrying loads of six tons each, 
could be made for abnit £5000 per mile, the cost of ting included. 

Although a railway made on the sjelem aboie described could not bo expected 
to carry tho same amount of tralfic as one 4 feet 8] inches gauge, made m the 
ordinary way, it would bo quite capable of performing the whole of the transport 
service for a large armv in the field lu a more efficient manner tluin it could be 
done bv horses, at a much Iosb cost to tho country, and, in tho opinion of military 
authonties, the value of such an improved method ot transport In wnr-time could 
scarcely be overestimated A difficulty, and perhaps the principul one remaining 
to be overcome, in practically carrying out this or any Binulor improved form of 
field-railway, is tho neccjisity of incurring the expense in peace time of making pro¬ 
vision for a future war, and no Administration would wilhngly a^^simie the respon¬ 
sibility of Biich increased expenditure unlesH it were appnned and rerjuired by tho 
public opinion of tho countrv Tt is therefore desirable that publicity should be 
given to'thi' expennicnts already earned out by tho Oovernmeut at Aldershot, 
and that tho sub}ect of the best method for the rapid construction of tudd-railways 
in war-time should bo fully and freely discussed. 


Railways on Thre&-fooi Gaiiye in the United tiiaics. 

By Capt. Dougl-is Galion, f'R., FR^. 

In recent v ears a considerable development of these lines has taken place Tho 
railway in the United States is the pioneer road , it mu.st bo made as cheaply as 
popsiblo at first, and improved os population increases. 

There are at present 7073 miles projected and 2700 completed The Denver 
ond Rio Grande is intended to be 1700 miles long, of which 210 miles aio com- 

E leted Tho estimate of cost of a uarrow-puige Imc in a praine country is giv en 
y the proraotors at £ltKX) per mile for liao and £768 per mile lor rolling-stuck 
I ascertwned that the cost of the Montrose railway (28 miles long) was £2300 per 
mile, with two lcx*omotivos, two passenger-cai's, one bnggage-car, and thirteen 
freiglit-caifl This is a purely ngricultural line, running up into a country up a high 
elevation, and with small traffic. The Porker and Koins City riulwny cost £5600 
a mile , but it is only 10 miles long at present, and has an equipment of four loco¬ 
motives, five passenger-cars, forty-six freight-cars, and a viaduct 400 feet long and 
74 feet high This hno Is for opening out an oil distnct 
The curves on the lines ore in some places 120 feet mdius, and some gradients 
are as much as 1 in 40. 

Tho rolling-stock is as follows*—Engines for passongcr traffic have a rigid 
wheol-bf^ of 0 feet C inches, with four driving-wheels (coupled) of from 3 feet to 
3 feet 4 inches diameter, the weight on each dnving^wheel from 2 tuna 4 cwt. to 
2 tons 8 cwt I total weight of engine from 24,000 lb to 32,500 lb 
Freipht-en^nes haie six wheeb coupled, and the wheels are from S3 inches dia^- 
meter ni some patterns to 40 inches diameter in others, and the weight on each 
18 from U to 2 tons; the total weight of these engines is 20,000 lb. 

In the Cara, the wheels are 34 inches diameter; they weigh from 15,000 lb. to 
17,000 lb., and cany thirty-six passengers j they weigh from 410 lb. to 470 lb. 
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per passenger The 4 feet 8 inch gauge cars weigh from 38^000 Ib to 33,000 lb, 
and carry from fifty to seven^ passengers, or from S JO lb to 00J lb per passenger 
The 3-foot gauge cars are 7 f^t wide, which allows double seats on one side 
and single seats on the other, with an aisle down the centre Hwently the cars 
lin'i e been increased to 8 feet in width, which allows of four scats abreast, or a total 
of forty-seven pa'^ngers 

Ihe freiglit-cara have wheels of 20 inche*^ diameter The covered freight-car 
weighs 10 000 lb as n^amst 17,000 lb or 18,000 lb for similur cars on the 
4 foet 8 incli gauge, and the nanow-gauge cars carry 8 tons os compared with 
10 tons earned m the standard gauge Thus a tram of sixteen curs of the stan¬ 
dard giuge w >idd loid twenty cais on the narrow gauge, and the total weight of the 
narrow-gauge tram v\ould bo 200 tons against 2tXl Urns fir the standard gauge, 
j e a saving of 10 tons, tC[mvalent to 22 t ms of additional freight 

Thus on tne namw gauge the paying load beais a greater proportion to the dead 
weight than on the standard gauge 

But the heavy weight of cars on the standaid gauge has boon brought about by 
necessitv of strength to resist shocks received in (ourso of traifie 

The narrow gauge lias b« (n hitherto eonstructed so ns to be as light as possible, 
and the scantlings havt been made m proportion to gauge, but i vidoni e la aheody 
given of a desirt to increa'^e the weight, and the weights carried on the cars show 
that it IS probable increase d strength, t f weight, will have to bt res >rted to 

Ihe groat width which is e iming into use for the cor**, eg 8 ft 1 1 on a base of 
3 feet, must bi unatabh , and I do not think that this mode ot increasing the pro¬ 
portion of paying weight tan sbiud But if (ais of B feet wide are run but little 
economy can be claimtd for tht 3-loot gauge on the giound of diniimsheil width 
of railway 

The longer tracks t f the I nited-States railways enable all the plant to pass 
casil} round curv es and the use jf radial uvles also contributes to tfcat end, and 
tht re was at the Lxlnbition the Miltiinow axle, of which a specimen whu h had run 
12,000 miles was shown, in whieh the wheels move on the a\lo independently of 
the a\le, tlus mateually diminislus fnetion on cunts A tram with these axles 
has bt en running on the l-foot i ail way in the ( entennial grounds These ap¬ 
pliances enable the standard gmge to be constiuctcd with curves practically as 
aharp as those on the 3-foot gauge 

Ihe weight of mils depends on weight of engine a standard-^ugo engine can 
be mode os light as the 3-foot-gaug8 engine, but the light engine will not draw 
heavyweights up the steep inclines necessary for a line which follows the contours 
of the ground In the Umted States the 3-foot gauge has the conveyance ot cars 
which can be more easilv moved at stations than the cumbrous cars of the stan¬ 
dard gauge 

The break of gauge entails a cost for transhipment of from lOd a ton where the 
traffic 18 regular to Is (W to 2ii a ton where it is intormittent The line may be 
useful as a pioneer line, but when the traffic becomes large it will have to bt con¬ 
verted to the standard gauge A standard-gauge lino would answei all purposes, 
if made with a light rolling-stock 


On an Tmproied Qian^^sieve By J II GBKENniTt 


On Imj^rovemenU in Baxlway Appliances E R Harper. 


Docd^ and Qnay-‘Walhf Foundaiions^ c{c By T S Huxteh. 

In this paper the author described the construction of dock- and quay-walls, 
foundations of bridges, subways or timuels, sewers, and works of a similar nature, 
and also the means used to facihtate such works 
Xn carrying on operations whore the sinking of foundations has to be efiected in 
ntoatious where waW permeates the sand or soil so as to flood the works, ft dam 
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may be employed^ wboUy or partly eompoted of clay tipped m front of the bne of 
foundations, a space for which has previously been dreaged to the required depth 
when necessary, or, in the event of clay not oeinff within reach, an embankment 
may be constructed composed of the local soil, faced with clay and coated with 
stones m order to insure its stability A water-tight dam is thus formed, and the 
excavations for the foundations may be further protected by the insertion of piles, 
either driven or screwed into the inner slope of the dam and also into the opjoiisite 
side of the cutting Ihe piles have vertical grooves, into which a timber boarding 
may be slipped, thus forming a thoroughly dry box-dam in which foundations may 
be built tH situ , or if no sucn box-dam be formed, the foundations may be sunk by 
means of excavators 

For the construction of brid^re piers m open water the site may bo dredged to 
the required dtpth and clay deposited, so as to f>rm nn embankment nsing abo\o 
water-level, down thrmgh ^uh an excavation is made and the foundations built, 
or through wLich thty may be sunk they may also be floated into p )83tiDn 

1 o construct subways beneath water the nver bed is dredged, and clay mixed 
with (pr und chalk and cement deposited so as to ioim a water tight roof to the 
operations and the subway may be formed by tunnelling througJi the body of tho 
clar. ground chalk and cement if deposited in suflicient quantity 

Ine foundations may be formed of masses of stone masonry, brickwork, or con¬ 
crete whoso horizontal section consists of two members at right angles to one 
another, these members being hollow to permit of excavation being earned on m 
their interior while being sunk Tongues or grooves of a semicircular or other 
shapi are formed on tho ends of one of the members, the other constituting a 
counterfort 

1 ir the purpose of focihtHting the sinking of foun lation<i, the toe or bottom 
should be surrounded with a shoe or curb 

The author then described at length the drawings which were exhibited 

In conclusion ho stated^ it is of the utmost impoitance that every facility should 
be given to the free action of the ebb and flow of a nver, because an obstruction 
we^ens its action, thereby withdrawing a certain amount of force from its power 
The advantage of those walla is that they otter comparatively little resistance to 
the water 

Walls of this descnpti n might be faced with hard rubble-stone of from 3, 4, 6 , 
0, 8, and 10 cwt each, the remainder of brickwork or concrete Roman cement or 
hydraulic lime ground with mine-dust or puzzolano might be used with ad\ antago 
m the work if or rubble built *n stiu 

When tho deposition is of great depth, as in the Clyde varying from 00 to 00 feet 
m some places, the breadth ot base cannot be overestimated, more paiticularly 
where subject to mat weights h rora this construction a base of .i 2 feet or more 
would be obtained, thereby giving great stability, also aftording accommodation for 
water-, gas-, and sewoge-pmes 

The alveus or channel of a nver is subject to move upwards as well as sidewise, 
from causes not always in the immediate vicinity but at a distance 


O 71 Betthau^t^a Treatment of Mechanisms Prof A BW KeifNFnr 


Importanct of Hydro Oeohgtcal Surveys from a Samiary point of view 
By BxLDwrH I atham , C K 

The author m bis paper pointed out that all subterranean stores of water were 
due to the rainfall percolating into the earth, but that thi, re wore matters which 
attecto' the jfuantity of water percolating, such as the nature of the outcrop of the 
strata receiving the rainfall, the Agilume of the strata, the bthologic^ diaraoter, 
and the free communication between different parts ^e Vator held in store in 
the earth did not as a rula^ maintain a honxontal level, but the surflwie possessed 
a considerable fall m directiona eoiresponding to the points of the digcharge of the 
spnngi The mclmed surface of the water pointed to its movemeDt in tEe diroe- 
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tion of its outfall or natural vent The water-lerel, therefore, of subterranean 
strata meant a line drawn the highest pomt at which it accumulated to the 
lowest pomt of ^ ent The inclined surface of the water was the measure of the 
element of friction and molecular attraction which interfered with the free dis¬ 
charge of the water, so that it was retained m subterranean reser\ airs and but 
slowly discharged from them Ihe subterranean currents obeyed the same laws, 
with reference to their Ilow, as streams which move on the surface of Uie earth 
A number of examples were given as to the rates ol fall of subterranean water, and 
also as to the elevation to which water did rise in particular years lu the earth It 
was shown that the elevation of the subterranean water betweeu the town of Wat¬ 
ford and the highest spnng which issued from the chalk hills was dOO feet m a 
distance of fourteen miUs, and between the Colne and the lliver lhames at 
London Bridge, a distance of fourteen miles, the water fell at the rate of 13 feet 
per mile Near the Middle Chalk the rate of fall viinul irom 11 feet 0 inches to 
It) fiet 0 Indus per milt, and in the Toitiary beds at Garrett the fall was 6 feet 
per mile, and in the same formation at 'Waltham Abbty 4tti t per mile The well 
ot Gronillo, m tlu Lower Orocnwuid, indxalcd a fall ot 2 fret per mile A table 
was given ‘ihowmg the rate tall of subUrmnean wafrr m the nnghbourhood of 
Croydon, which was shown to vary from H fetf per milt to 04 feet ptr mile, and 
the subterranean water, as ascertained by u ells sunk m the boulder-clay at ISast 
Derebam, Noifolk, flho^^ed that the watu l(\tl mailed fn m 2 ft(t lu a mile m the 
flat tableland to 100 feet in a mile m the valle38 I he author pointed out the 
importance of pure water with regard to health, and gave 9< veial examples showing 
the dele ten ma efFtets of tJie drainage from cesspools and cemeteries upon water- 

ftiinnlv and tho hArtU)» of tlm iminfr it h« hIho nninti i1 o»it tliA imwirtaTiCfl 

V. *• O “ ** — ^-- 

to the coustiuction of wells and cesspiols, and that a small amount of considera¬ 
tion with regard to the relative positions ot the well and cesspool in a countiy- 
housG may make all the ditt rince between leudtnng it hialtny or unhealthy 
With regard to epidemics of tntenc fe\er, whether diicctly asenbed to water or 
milk, the author observed that in eveiy case reeoided tht water had invanably 
been procured from wells, and while it was singular that so much attention was 
paid to the pollution of nvora tlownng over the surface of the ground, which had 
never been traced to be the cause of disease, no one had tliought of tho great ovule 
which had resulted and would result, from the pollution if underground somces 
of water-supply The object of tho author was to direct attention to this impor¬ 
tant subject, and to point out that where the use of cesspools was unavoidable, 
there were ways m which they might be introduced without the possibility of 
polluting the water-supply when it can only be proeured from a local well 


On the Direct Mohon of Steam-Vesee/s By 11 Maksei 


On iJie Si}engih and jPVrtcfure of Cast Iron By W 1 MrrtAii, 

The object of the present commumcation is to describe rortam phenomena 
observed by the wnter when engaged m testing cast-iron bars 

The bars were about 40 inchi^s long, J inches dotp, and I inch brood The 
distance between supports (or span) when placed in testing-machine wasdO incbee. 
The load was applied gradually and at centre of span 
In general the bars broke with straight fractures, the direction of fracture being 
jn line of appbcation of load In some cases, howevtr, curved forms of fracture 
were observed 

During the course of testing it was observed that the curved fractures divided the 
span more or less unequally, whilst the e^ght fractures, with few exception^ 
divided the span mto equal portions • 

After a carefully conducted senes of experiments, the writer finds that the 
fonn of fracture conclusiv ely pomts out the pontton of fracture, viz that bars 
showing straight fractures have broken at or dose to centre of span, whilst bars 
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showing curved fractures have broken at points more or less removed from centre 
of sp^n, and that in general the curve of fracture increasti with distance of fracture 
fro'u centre. 

In all cases the fractured p.irtd wore found to fit exactly together, no piece of the 
metal being thrown out on fracture taking place, and where the fractures were 
curved the lino of fracture pointed towards point of application of load, the results 
of several experiments showing that fracture commimces at the convex side of the 
bar and passes upwards, gradually curving towards centre of span 

The curved fractures occur also in bars of 1 squire inch section, their forms not 
being, howe\er, so wtdl marked as in the bars alieady referred to 

With n vnew to obtain the relative strength ot bars showing straight and curved 
fractures, a note was kept of the breaking loatls, deflection, forms, and positions of 
fracture, the result of which is given in Table I 

(The rosuits giv en m thi following Ttblesart' all from bars of inches deep, 
1 inch broad, and 3(1 inches spun ) 


Tablk I. 


I’osiUon of Fracture. j 

. __I 


At centre of span, etiitiyht fnictutCH | 

At points from 5 uu li to 3J inches I'emoved] 
from centre of sjmn, curvedfnttiurcH \ 


IS umber 
of 1 

Iktrs 

Average 

Ureaking 

Load 

Average 

ultimate 

Deflection, 


lb 

inch 

20 

1 3084 

j 

•303 

2r> 

1 3551 

380 


TJie above lesults show a slight excess of strength in bois bieaking at centre of 
pan and with straight fmetures 

In general the deficctiona were found to increase with increase of load, but lu 
omo cases, the bars being evcoptionally strong and remaining unbroken, a decrease 
f deflection accompanied an increase of load 
Tlio results obtained from 14 such bars are shown in Table II, 


Table 11. 

Average lesiilts obtained from 14 unbroken bars with increasing Loads. 
Loads to vv hu h bar was subjected 33C0 lb 30‘j0 lb. 4480 lb. 

Average deflections at these loads 327 in, *317 in 313 in. 

Table III. contains the results of some experiments made to determine the 
amount of “ net ” which took place in bars when Bubjoclod to several applications 
of the same loud. 


Tvble III 


Load applied 2800 lb. 



Bor No 1 

Bar No. 2. 

Bnr No 3, 

IBarNo 4. 




Dcf. 

Set 

Def. 

Set. 

Def. 

Sot. 

Bet 

Set. 




inch 

inch 

inch. 

inch. 

inch. 

inch. 

inch. 

inch. 

Ifit application 

of load 

Hoa 

021 

880 

'020 

•200 

012 

208 

015 

2nd 



2H2 

•003 

317 

•005 

200 

005 

'200 

003 

llrd 


fj 

270 

001 

310 

•001 

2R0 

003 

285 

•003 

4th 


ft 

278 

•000 

•312 

-000 

282 

•000 

*281 

•000 

5th 

* 

ft 

•270 

•002 

•313 

•000 

— 

— 

— 

_ 

Oth 


7 } * 

273 

oom 

•315 

•000 

— 

— 

— . 





Finally 

Finally 

Fin 

ally 

Fiiudly 




broke about 

broke at 

broke at 

broke at 




8600 lb. 

4270 lb 

4330 lb 

8760 lb. 




Def. -403 

Def. 518 

Def. -466 

Def. *395 
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From these experiments it appears that the ^^set” dcaeiutcs with successive 
applications of the mme load. 

This decrease of set also appears to ohtaiu e>en when the load applied is an 
increasing one. 

The results obtained fi*om 10 bars are gi\eii m Table IV 

Tabu IV 

Average results obtained from 10 unbroken bars with increasing loads 

Iliads .. .‘JOJOlb 4180 1b 

Average detloction 341 in 307 in Wrt m 

A\eriige OJO in 014 in 008 in 


Otir a i((d P<'iuhiJous Safety- Wdve 


By J vMUs X vsM \ 1 ir, F ll S 


On the InveatiyaliOiL of (he Sleet nvf Qn ditu'^ of ShiBy Frof Osboknk 

JiyiMH ns 

[Printed Lnrifen'U} among the Reportfi, 70 \ 


On a New Form of Lamp Btf 11 La\k\dkr. 

The construction of the lamp is a glass lantern 18 inches square, with a funnel or 
chimney 24 inches high, into whuh is mtroduml a jet of steam about mcJi 
across when the prossure of stonm is about 201b to .‘10lb per souare inch, if 
the pressure is less the jet must be larger, if higher Bmaller, the oDjoct of the jet 
being to create a partial viicuum in the lantern—the conMiMnionce being that the 
surrounding air is forced through the burner of the lamp and causes a very com- 
ploto combustion of the oil 

A very brilliant light is produced, which is increased partly owing to the pro¬ 
ducts of combustion being contiiuiou«*lv remo\cd and a volume of fiesh air leung 
iutroducod 

The lamp or burner is constructed for a circular wnck, and upon the principle of 
admittin|^ the air to play upon the outside ot the wick, and also by a disk another 
column IS thrown U|>on the inside of the witk, tiiiother cuireiit of air is also 
carried through the centre of the flame The metal cap is constiucted so ns to 
bring the flame into a ceiitw, through the oiifice of which it is drawn by the jet of 
steam m tho chimney The oil sujiply is rontaiue<l in a shallow vessel, which is 
boated by a jet of steam before 1 m mg tmuied, as many of the oils that may bo used 
would bwome thu k in cold weather 

Tho results obtained from a 4-inch wick have been equal to a light of upwards 
of SIX hundred sperm candles, the cost of which, with oil at \)d per ^llon, is under 
l^rf. per hour. Tho oil was supplied by Mcssis Young’s Paratfiu Light roinpany, 
and is a product from shale and is a part of the oil that hitherto has been of 
little use. 

The cost of burning an open fire, such os is used at many pit hoads, is from ten 
to twelve hundredweight ot coal per ni^ht, it is a most uncertain and dangerous 
light 

Whilst the author’s lamp was designed for colliftries, loading-bunks, sheds, 
sidings, ships, &c., he thinks that it will be of great s<3rvice to tho public. 


On Boiler IncnisUiUon and Corromon, By F. J. IIowan. 

The imp^irtance of the subject is alluded to, especially to marine engineers, who 
have most keenly felt its dilhciiltio^ wliile tlie rango of interest'^ iin(>l\ed by It is 
M wide ttS the use of steam 

The present state of gcneml informiihon about it being unsatisfiu-torr, we have 
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to seek in a combination of chemistry and mechanical science for the needed eluci¬ 
dation of ite problems 

The course of investigation has been marked by the suggestion of various em¬ 
pirical remedies, which are pointed out, but which have failed to reach any good 
result, the actions to bo counteracted not being understood 

Incrustation and conosion are not one action, but dissimilar ones, although they 
are often found united m boilers, and therefore both must bo noticed 

Incrustation is first considered, Dr J O liogois, of Madison, U S , being quoted 
(from ^Chom News/ vol xv\i ) for the non-conductihihty of crusts and the pro- 
pfirtionato increase of temperature which their presence in boilers renders necessary 

Boilers subject to incrustation are diMdetl int^i two classes -- 

1 Jvand boilers using uaturnl fiTsh waters, and 

2 Marine boilers using sea-watei 

1 7'he average quality of natuial frosh waters is illustrated bj anahwis of Kiver- 
t'ljde water, ns formerly supplied to (llnsgow, and an aualvsis also by Dr Wal¬ 
lace of crust di'positod from 1 hat water is given The (aso is tlieii miotenl of tho 
boilers at a mill in Barrowfield still using tb,U water, hut in which llie formation 
of crust 18 prevented by the uso of a quantity of soda-ash 

The action of soda-ash tiridei these circumstflnies is described, it causes the 
decompobition of the sulphate of hmo and rapid d<*pos)tjou of tho neutial carbonate 
as powder Where biearoon tie of lime is present, it is aliui precipitated as neutral 
carbonate in a powdery form, one equivalent ol eaibouic otiu being liberated. 
Neutral eaibnnato bt^ing thus ftrnusl lapidlv, has mit power to adhere to boiler 
surfates, wlule, if depobitcd slowly by heat ironi the bicarbonnti', it us crystalline 
and does adhere 

M Bidard of Konen, author of papers on this suh]f rt in ' Anmdes Induetnenea,* 
has made nunn'rous evamimilions t>i boiliu-<lusts, which show, according to him, 
that organic matter has power to ngglomeinto caibouuteof lime and form crust 
by a process of “ baking ^ Jlis opinion is quoted fioin one ol his letters to the 
author 

Freaenius, quoted m a paper by Dr Wallaco in * Proc of the Phil 8oc, of Glas¬ 
gow/vol n ,asciibes this iigglomeraling power to sulpbato of liuiu. Bidard’s 
explanation upphes whore carbonate and not sulphate of lime piedominatos, because 
Hulphato 19 able to form crusts where no orgiimc matter is present, as m some 
crusts Irom manno boilers The use of too much soda-osh is injurious, and pre¬ 
cautions are givon, with a little further illustmtioii of its action xu boilers. 

It IB proposed to apply it in the focd-tonks or ristems generally attached to 
boilers, allowing the limo to be deposited there to save constant blowing olf. 

Various other preventives of incrustation are noticed, including Do Ilaen'a 
method of using narium chloride and milk of lime, founded upon the invest!^ 
tions of J Y Buchanan (Jt<jy. Soc, Proc vol xxu ), and some details of comparative 
cost in working with this process arc given from Dmgler’s Polyt J ccxvii. 

As the most complete preventive of incrustation, which is otherwise BCientifioolly 
desirable, the author advocates the use of surface condensers in connexion with 
land boilers. 

2 Although modem systems of marine engine practice have removed inorosta- 
tions from marine boilers by the lutioduction of surface condensation, there ii still 
gome neceesity to consider incrustation os applying to them, because of a tendency 
to return to the ancient regime in consequence of difUcultiea with corrosion. The 
evil effects of incrustation are felt more heavily in munne practice from its con¬ 
ditions of usin^ sea-water, which contains a large amount of solids, and of limited 
space for carrying fuel and chemical reagents and for repair of boilers. 

The inapphcabihty of the chemical method is pointed out, reference being made 
to expo tments of Mr Jas. K. Napier, F R.8., published in Proc. PhiL Soc. Glai^. 
vol IV. * 

Working with fresh water is the only sensible and efficacious method, but when 
this has been used it has brought with it the evils of corrosion. 

Analyses of sea-water from the Black Sea, and of six samples of marina-boiler 
crusts found at various prossures, are added, with remarks on some of theaa by 
Dr Wallace (from Proc, Phil Soc Glasg ), and extracts from a paper in Dinglera 
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Polyt J ccxii ^ by Dr Ferd Fischer, conhrmBtory of these remarks, and showing 
the influence of elevated tomperatiiro and piessuro on the doconiptisition of \aiious 
salts in water 

Corrosion —Causes of corromon of e-^tenor of boilers are bnotly glanced at, 
including damp aettlmg, accumulation ol damp a‘iht s and of so^ft, accompanied by 
careless tiring, wluch causes sulphur, acids, uud other conosivoa to combine with 
the aoot 

With regard t<) corrosion of the interi ir of boilurn, in\Lstigatioii3 on \arioa9 cor¬ 
roding forces are hist qu( tod Pul Ciace Cuhorts cxpenmeiits on the action of 
sea-water and of van ua gases on ra tals are alluded to to pr ivt that sea-water 
exerts such an action upon sb cl and ii >n, that caib uic acid in prtst nee t f water, 
acts onergf tically, and that distilled water, fiee from gases has no action 

Ihe appluMion of these ^ soarches b> \V Kent (ol I he StcNena US Institute 
of r* chnolog> ) to the evami nation of the (oriosion ol non railway-bridges in the 
Umted States is then rcfcrrtd to, and tho inxvitigations of A Wagner (from 
Dingl Pol^t T ccxMii ), on tlvo influence ol vanoua soluliouson the rusting of iron, 
are quoted Ihis author corroboratt s Calvert s r^pirt ol tho action of carbonic 
dioxido, and notes tho fact that thepn senceof chlornks of magnesium animonium, 
eodium, potaBsium, barium and calcium in wator largely increases tho production 
of rust, the action of chlorido of mngnesium alone being incicased by heat 

Theso facts correspond with that olwt ivtd by J Gamgce, that lime solutions 
used as media of <M.mgolatuni in ue making coriode the pipes or channels which 
convey them 

Stingl s valiiablo contribution to this subject, viz , hia paper on the eftecta of 
condensed water containing grease on Knlcis kd with it (Dingier, Poljt J ccxv ), 
la quoted at some length 

This author pioves that grease, with a small quantity of salts of lime and mag¬ 
nesia, at a temperature not exceeding Q(F to 70^ Cent, forms Ume-eoap, which, 
under the influence of a higher temperature, partially dci ompoaes into free fat 
acid and a basic lime sonp which nuheros to the boiler-surfaces, the free acid, 
which IS usually oxalic acid, attacking and dissolving the non In the crust the 
fht 18 recognized by tho addition of hjdroihlonc acid, tho separated organic mass 
being afterwards shaken with ether 

Fvoii with lime and magnesia salts pnsent in Mry msigniflcant proportion, the 
presence of grease is injurious, as, with sap mification, under considerable pressure, 
a small quantity of hmn suffices to occasion the splitting up of a neutral fat into 
free fat acid and gUcoruic With low prossuro the same action proceeds more 
gradually 

Various cases of corrosion from greasy water art n iticed by this author, and m 
particular that ol a steam-boiler of ( ormsh dt sign into which the condinsed steam 
from two engines (of 3(X) an<l 1(X) Iiorse-power) was ft d i his boiler was con- 
strncted of steel, and alter only three weeks linng was leaking in the hre-tubes 
A deposit wew found adlu nng to tho upper part of tho tuljf“i, of wl ich the analysis 
is given Iho waiter in the boilei ha<l a milky appeirance whicJi at once re¬ 
moved by ether Fther is recommended as a good quahtiilne lest lor the presence 
of water 

The analysis of the condensed feetl-watcr is gi\en, and tho \anous operations m 
testing the deposit from it also recorded 

Maoiifl were adopted to punfy this water by precipitation of tho calcium carbo¬ 
nate and part of the magni smm carbonato along with the grease which was earned 
down with the precipitate, and by subsequent Altering, and the analysis of the 
purified water is given Tlie boiler afterwards worked mr throe months with this 
water without any bod results, a pure deposit, con 83 '*ting mincipallv of magneaium 
hydrate and calcium carbonate and aulpnate, being found to a small extent on the 
surfheea of the boiler 

Finally a letter addressed by the author to <Engineering’ (Oct 1874) is 
Mfen^vd to, in order to oidl attention to the difierence between pure natural waters 
and gmmne distilled water, i « distilled water free from aar The difference con¬ 
sists In the presence of gases in oU natural waters The distilled water from sur- 
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face condensers of steamers neccssaiily contains souio air, and it ls therefore not 
“genuine distilled watei ” 

Kxamples of boilers eubjoct to rorrowoii are classed under the heads — 

1. Land boilers using natuial fresh water, uiul 
2 Mttnue boilers 

J T^och-Kalnne \%ati*r, fnmi its gloat punty, afibids tlio best opportum^ of 
studying the etfect of pure natnial water <m boilels The luiiuer water-supply of 
Glasgow ha\ing been calcareous, the boilers using it became coated with lime, and 
did not suiFor in consequonco wdi(‘n attenvaids supplied from Loch Kutnue In 
cases wh('re the lime coating was lemoved emroMon quickly sot in, and new boilers 
working with Loch-Katnne water fioni the iirst weie iapidl\ destroyed. Several 
examples illustintnig these points aie quoted, and tlie it medv adopted is described 
This was th(' formation ol an artificial coating of lime b^ feeding a w'bitewash for 
some time into the boilers 

Analysis (by Dr Mills) of Loch-Katruio watiT is givcm , and by reference to the 
investigations of Calvert and Wagner its action on iron is fxplainetl. 

2 Marim Those using exclusiv elv fresh water are cited, vu. Rowan 

and Horton’s and IVrkins’s, to illustrate the kind of corrosive action known under 
these circumstances The author’s letter to ‘ Kugiueenng gives the remedies used 
in the case of Rowan and TIoHou’h boilers 

Another instance of a coasting steamer asing nearly nil fresh water m her boilers, 
which, however, were do4ro} od hy corrosion, is quoted Tins instance was com¬ 
municated to the Graduate section of the Institute of Engineers m Scotland by 
Mr Jos Gilchnst. It was found by two chemists that the decomposition of iron 
in her boilers was caused by the use of tallow The author points out that the 
chemists did not make allowance for the piesenco of a small quantity of seiv-water 
m the boilers, and its decomposition setting free hydrochloric acid 
The dasenpUon of corrosion given by Mr. Miller in Ins paper communicated to the 
Cleveland Iron-Trade Foremen’s .\ssociation is quoted, as this author enters fully 
into the matter, and describes two examples which well illustrate the ^neral 
practice of the day in raanno engineering His deductions from the circum¬ 
stances of these two examples are combated; and the author proceeds to show that 
corrosion in manne boilers, where a proportion of sea-water is used, is due to de¬ 
composition of the magnesium chloride of the eea-water, and to the liberation of 
the carbonic acid held in solution by repeated boiling ' 

The popular error that corrosion is due to some cliange produced in the constitu¬ 
tion of water by redistillation is pointed out, os is Ibo fact that in no caae of manne 
practice has distilled WHtt^r, pure and simple, ever been present so that its effects 
might be examined 

The author proposes as a remedy the coating of all new boilers with calcium 
sulphate and mafpesium hydrate artificially, and thereafter the exclusive use of 
fresh water, whicn does not dissolve such a coating 


On an Apparatus for chammj Filtering^SatuL 
Ry John La^o, C E ^ Kxrlealdy 

The sand is tipped fiom whoolborrows into n box, in the under part of which 
there is a diaphragm jneived witli many small holes, through which a supply of 
water under pressure is introduced The sand is agitated by the current, and the 
mud and water flow over the top of the box When the water flows over clear, a 
door ID the side is opened, the clean water is discharged mto wheelbarrows below 
and IS conveyed to the filter. The size of the apparatus depends altc^ther on the 
magmitud^ of the supply of water, and lU sucx^ese depends on the size being adapted 
to the supply. From very many experiments with various sands, the best con¬ 
ditions ware found to be that the water should pass through the box with a 
velocity of from 3 feet 9 mchea to 4 feet per mmute, and that the box shoi^ be 
27 inches in height. This apparatus, as used in the Kirkcaldy and Ifysart Water* 
works, had been found, in respect to thoroughness and in economy, to be very 
greatly superior to the former machines. It is able speedily to wash frcMsh pH* 
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ft&nd, or to re wash the sand forming the body of tbo filU'r j but it wm explained 
that it waa unable to wavh the impurities from the hltcr’-acrapings. Neither thu 
old machines nor any moclmnicftl meanq e\en lu the laboi atory arc able to do this 
By careful etpenmentH, Aamples of tho mud on the Hiufoce of the Knkraldy lilteri 
were obtained Hepaiate fiom tlie undeilyuig’ sand, and it wa^ found that 100 
parts of the mud con^iiNtod of about Oo parts of diStoniq, 4 piuN of animalcules, 
and 1 port of inorgaun inattor, beside tlio sanoid matlor of the diatoms from 
which the ofiensi\e snioll of tho mud is domed Tho only wra to reco\or tho 
'^and from these ntrapings is to allow them to he expend to tho air for ttomo 
until the sau<n(l matti'f is dwoinposed The timty \alves of tho diatoms 
may then be reinoAod bv wnsbing A poilion of tbe mud pjiss^^s below the surfat'C 
into the bod\ of tbe iiltenug-«und, and m (ourse of ^ciuh h spioad through its 
intorsti(‘(‘8 and icocIk's e\en to the bottom Tins mud ((tnyists almost wholly of the 
frustules of two minute hinds of duiloms, Oithosua and Vymhclla ^ and by means 
of the micniHOopo, used sand may bn at once distinguished fioiii fresh sand by the 
presence of these The> aic e.L«i[y removed by washing 


On a hifumaitc Ttamiratf Cm B[f W D. Scorr-MoNCRKiFF, 


On an FAtvaUwj Stiam Finy By Wm Stmons, 

Tho object of this \ tassel is to supersede tho present mchned approaches or slips 
to ferry atations, and therefore lessen the wear and tear in horses and haulage, to 
enable a greater traific to be conducted with greater dispatch and economy and 
on the same lei el as the adjoining qiiajs The valuable ground required for slips 
IS unnecessary, find the forry-steamer is not confined to a special berth or locality. 

To eflTect the above objf'cta, it h proposed to construct a steamer with a centre 
platform of sufficient capacity for the traffic, and capable of being elevated and 
lowered to suit tbe rise and fall of the tide, and thus enable the vessel to receive 
{level w\ih ihen^oinwy qnay^) waggons, goods, horses, camngos, and passengers. 


On the B}alt Problem. By Jvmks Siekl. 


On Commnumtmns heiveen Passengers and Guards in Radway Trains 
By W. SrRouDLKV, 


On Naval BujnaUing By Sir W Tuov^ov, FJi S 


On SteanuShfp Resistance* By J Evelyn WrrnvM^ 
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with their geological histmy, 81 . 
Arithmetic, W. H. Walenn on divlsioif 
remainders in, 30. 
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AiTow-headKi VV J Knowles on the 
claasiilcatiuu of, lOft 
*Arthiinan apple and the serpent of the 
ancieiilj?, J H I’hen^ on the, 1(>0 
*Articulate speech, a hypothesis of the 
perception of, Dr Casstdla on, 148 
AstnmomK al clock, a new fonn of, with 
free jHsudulnm and indejM'iidently 
R‘o\erncd unifoini luolion for ewape- 
raenl-nheel, Sir W Thomson on, 40 
Atlontn Ocean , t he teinpei atu' e obtained 
in the, dinin^i^ the c rui‘<e ot ll.M S 
‘ Clialleiiprer,^ Staff-Ooinniander Ti- 
yaid on, 185 

^Atmosphere, an apparatus ft)r the 
nnalvsis of impuuties in the, pj. M. 
Dixon on, 

•Atomic weights of the elements, J. A. H 
Now lands on relations among the, Oft. 
•Ayrton (Prof ) and IVof Perry on the 
contact theoiy of \oltaic action, 42 

•Bagshot peat-beds, W. S. Mitchell on 
the, 04 

Baird (Cant A W ) on tidal operations 
m the Gulf of Cut til by tlie Gieat 
Trigonometrical Hufa ey of India, 52 
Balfour (F M ) on the de\elopment of the 
pioto-Aertebrw in EJnsiuohrauchs, 147 

- (J B ) on the Pandaneso of the 

Moscarene and Se}chelles Islands, 142 
•Banks (J ) on sewage piuification and 
utilization, 02 

•Barrett (Prof) on a form of gashol¬ 
der giving a uuifomi How of gas, 48, 
•diagrams and description of the new 
lecture-table for physical demonstra¬ 
tion in the Iloyai (lollogo of Science 
for Ireland, 48, •two new forms of 
apparatus for the experimental illus¬ 
tration of the expansion of solids by 
heat, 48, •on some phenomena asso¬ 
ciated wutJi abnoimal conditions of 
mind, 164 

•Basic salts, G J. 8toney on the consti¬ 
tution of, 00. 

•Bathometer, desenption of the, by Dr 
C. W. Siemens, 31 

•Beuumont(M(yor)ontheSub-Wealden 
exploration, 87 j "on the removal of 
aul^ueous rocks by the diamond 
rock-Wer, 210, 

•Bergeron (M ) on the remoAal of sand¬ 
bars from harbour mouths, 219 
•Beynon (J. B.) on a hand-machine for 
shaping and finishing metal surfaces, 

•Biggs (H. W.) on a new voltaic bat¬ 
tery. 63. 

Biolcmoal reeolts of a (Tuiso in H/M.S. 


‘Valorous’ to I>a>i8 StiDit m 1876, 
J Owjin Jcflifys on tl)p, 147 
Biologicul Section, A. U Wallace's Ad¬ 
dress lo the, 100 

Ih'^mulh, ceitain compounds of, M 3f, 
P Mmr 01 ), ('6 

Boarding-out of pauper clnldren m Eng¬ 
land, W Tullack on the, 209 
Boiler incruKtatioii and conosion, F J 
IfnwHJi on, 229 

•Bitirowdaile senes of the Compton flags 
of the noith ot gland, Piols Ilork- 
nc^s and If A Auliolson on the 
strata and fo mIs between the, 90. 
Bosauquet(H If M ) on the conditions 
of tno transformation of pcndulum- 
A ibratious, with an experimental illus- 
tiation, 45 

•Bossies skulls, Dr Kiiov on, 1(U). 

Botaiiv and Zoology, Prof A Newton’s 
AddroMs to the Depaitment of, IIP. 
Botly (W ) on agricultural statistics, 
194 

•Bottoxnley (J T), determination of 
tho conuiutiMty of heat by Avater, 
Boulger (G S ) on the cioliilion of ^ex 
m the vegetable kingdom, 142 
•Bowden (A ) on a new loute to the 
8OU1C0 of the Niger, l8l 
•Brake-problem, .1 Steel on (be, 2.i.‘J 
•Biitisli Guiana, W Harper on the 
natiAcs of, 166 

Brooke (H G.) and E O If op wood on 
tho rliangt's of tho circulation which 
are induced when the blood n ex¬ 
pelled from the limbs by Esmarch’s 
method, 147 

•Brown (A B ) on a flanging-iiou and 
steel plates for boiler purposes, 219, 
on an engine for starting and rever¬ 
sing large marine engines, 219 
- (Gmin), true intonation, illus¬ 
trated by the voice-haimonium with 
natural finger-board, 46 

*- (Plot Crum) on the action of 

pentaohlonde of phoKphorus on tur¬ 
pentine, 62 

-(J T ) on anthracene-testily, 62 

Bryce (Dr, J.) on the granite of otrath- 
Enich, Lough Ness, 87. 

•Buchanan (J. Y ) ou some instruments 
used in the ‘ Challenger,’ 63 ; *on the 
sMOjfic gravity of the surface-water 
or the ocean as observed during the 
cruise of H.M.8. ‘Challenger,’ 181; 
•on a new deep-sea thermometer, 161. 
Buckland f A W.) on primitive agidoid- 
lure, 104* 

Burt (^v. J. S.) on the ooonwny of 
pentuties, 196. 
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Busftcott (Re\. A) on the prefient ex¬ 
tent of slavery and the uavo trade, 
with a reference to the progreafl oi 
abolition since the American war, 
190. 

Oaird {A, M'N) on some tniecml evils 
of the Scottish p(M)r-law, 11)7 

Oamcron (Oomiminder V. I* ) on hi« 
loumcy through equatorifti Afrna, 
181, •and Cajit J S liay on homed 
men of Akhem, in Africa, Khi 

♦ -(h)r) amtuomc aelenioc^nnide, 

03. 

*--(Ko\ Mr) on relation of Gaelic 

and Engluh, 104 

CantdiPy the brain of the, R. Gamer on, 
152 

Capital, Hyde Clarke on the pait in tho 
operation of, due to iixed or limited 
amounts invested m trade, 108 

•Carbonic acid, liquid, m minerals, W 
N Hartley on tho critical point of, 
04. 

Carboniferous system of the Biitish 
Isles, Prof. K Hull on the upper 
limit of the essentially marine beds of 
the, and the necessity of the establish¬ 
ment of a middle Carbumfoiousgioup, 
90 

•Carmichael (Dr N) on Hpontaiieous 
evolution and the gt^rm tlioory, 140. 

•Carpenter (P. H ), remarks on the 
anatomy or the arms of the Cnnoids, 
140 

• - (Dr W. B) on the Arenaceous 

Foramimfera collected in tho * Valor- 
oufl^ expedition, 140, •further i-e- 
searchea on the nervous system of 
AnUdvn rasucem {Comalula 
Lamk.), 140, •on tho morjihology 
and histology of the nervous system 
of AfUedan ro$aceu8 {Cmnatula roea^ 
<v?a, Lamk), 148 

Carton valley, cuuntv of Linlithgow, 
D. Milne-Iiolmeon high-level terrates 
in, 94. 

•Cassellfl (Dr) on a hj^pothesie of the 
perception of articulate speech, 148 

Oast iron, W. J. Millar on the strength 
and fracture of, 227. 

•Cement, Q F, Deacon on tlie form of 
blocks for testing, 220. 

Central nucleus of a plane section, Ih-of. 

Q. Jung on a new construction for 

* the, 24. . 

^Gantrolds and theU application to 
some meohamcal probleinVi I’rof. A. 

R. W. Kennedy on, 30. 


Cerruti (G. £.) on hi$ recent explora¬ 
tions in N.W. New Guinea, 182 

- (V) sur les mouvements ap4rio- 

diques des syst^mesde points materiels, 
12 

Cetacea, Dr D. J. Cunningham on tho 
spiiial nervous system or the, 149 
•Ceylon, B F Hartshome on ^the 
Rodiyas of, 165 

•‘ Challenger,' some intotruments used ui 
the, J, Y Buchanan on, 63 
Changes aflectuig the southern exten¬ 
sion of the low est Carbomferous rocks, 
G A Lebour on the, 93 
Chemical Section, W H Perkin's Ad¬ 
dress to the, 55. 

•ObequoH, , F. Ward on the preven¬ 
tion of fraudulent alterations in, 70 
•Cliiuohne, the transformatum of, uito 
Rinline, l^f. Dewnr on, 63 
•CluppendaU (Lieut. W H ), observa¬ 
tions on the White Nile between 
Gondokoro and Appuddo, 182. 

• Ch Of eachola r polysiph oiit€ef Keinscli, 
Prof M‘Nab on, 114 
Chromium, J I’netttley on tli© physio¬ 
logical action of, 156 
emulation, II G Brook© and E. 0 
Hop wood on the chsrigos in the, which 
are induced when tho nlood is expelled 
from the limbs by Esmarch's method, 
147. 


Claike (II>de) on the prehUtoric names 
for man,* monkev, hzard, &c, 165, on 
Hittite, Khita, 1 lamath, Conaanite, Ly¬ 
dian, Etruscan, Peruvian, Moxican,&c, 
165, on the part m the operation of 
capital due to nxod or braitw amounts 
invested in trade, 108. 

Clelaud (Prof) on the morphological 
relations of the lower end of the hu¬ 
merus, 148, *00 a hydrocephalio 
skull, and on the duplicity of the 
temporal ndge, 140, •on a Sooloo 
skufl, 106. 

Closed curv es, general theorems relating 
to, by l^f P G. Tait, 29. 

•Clyde, (Jol Hope on the purification of 
the, 64 

Coal, Prof. E, Hull on a deep bonng for, 
at fckorlo, near Lincoln, 9l. 

* -, Prof J Thomeon on ndgy stm©- 

tore in, with suggestiona for aooount- 
ing for its ongm, 90. 

• - gas, the proximate analyria e£ 

W iSttmwf on, 03. 

- moasurea, recent researchea Into 

th^ organisation of some of the ifiute 
of the, by Prot W. C, 

98, 
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•Cohn (Prof.), experimftntfl on the foiv 
mation and mwth of artificial ailica 
cells, 140. 

Coleman J ) on a gas-condenaiog 
machine for the liquefaction of gaged 
by combi nod cold and prosauio, ro- 
cenlly employed in the manufacture 
ot voliitile liquid hydrocarbon*!, (t.), 
•experimental reseaichos on the che¬ 
mical treatment of town excretion, 03 , 
on a machine for the li|uefaLtion of 
gases by combined cold and procure, 
220 

•Oomthunieiition'^ between passcugerg 
and guards in railNvay trams, 

Compass, on unmintakablo true north, (I 
J Symons <tn, 40 

* -- coiTection m iron ships, Sir W 

Thomson on, 4-5 

•Concrete, C F. De.icon on the strength 
of, 03 atlected by delay between 
mixing and plat lug to sttUj 220 
•Conductivity of heat, deteimination of 
the, by water, by J T llottoinloy, 
•Contact electricity, Sir W Thomson 
on, 46 

Oonvergents, T Muir on, 27 
Copper extraction by tlio wet w a\, the 
history of, by AV ITendei*aon, tti 

♦ -zinc ctiuple, Prof Glad‘•tone on 

the mtiuenoe of the condition and 
quantitjr of the negative elomont on 
the action of the, 04, 

Coral Son, explorations in the islanda of 
the, by K NichoF, I(i7, 1H3 
Cotamine donvali\C8, new. Dr. C, R A 
Wright on, 70 

Cremona (Prof L ) sur los s'VHtemes de 
ggh^res et leg systemes de droites, 

•Crinoidfl, remarks on the anatomy of 
the arms of, by P IJ. Carpenter, 140 
•Croll (J ) on tbo translormntion of 
gravity, iK), on the tidal-retarti at ion 
arflmment for tbe age of the earth, 88 
Crookes (W) on the influence of the 
residual gag on the movement of the 
radiometer, 00 

Orum-Ewing (A ) on diainago outlets 
through sloh lands, 220. 

•Ummingham (Dr I) J ) on Dclpktntis 
aWtrostrtSj 140, on the spinal nervous 
system of the Cetacea, 149. 

•D*AJmeida (W. B.) on Perak and Sa- 
IWRorfe 182 

Dtarvm (6 H ) on graphical interpola- 
tiw %hd Intrapration, 13. 

•Derwinism* Rev. J’. 0. Morris ou a 
double dilemma in, 147. 


Day (St J V ) on recent attempts at 
patent legictlation, 108 

•Deacon ((3 F ) on tho form of blocks 
for testing cement, 220, *oa tho 
Btrength ot cement ay affected by de 7 
lay between mixing and placmg tn 
sUUf 220 

Drag ( J ),dcflCiiption of Stobciona Ducks, 

220 

*Deep-sea Hoimdmg^^ navigational, in a 
ship mov lug at nigh s]>eed, Sir AV. 
Tliojusou on, 61 

alhvo&tn^j Dr D J Cun¬ 
ningham on, 140 

Do Haneo (C K) on the variation iii 
tliK kness of the middle coal-measures 
of the AVigau coal-field, 89 

Deteiiuinauts, J W L (jlaisher on 
certain, 13 

•Deteimination of the conductivity of 
lient by water, by J T Bottomley, 
30 

•Dewar (Prof J ) on a new form of 
electrometer, 42 , •on tbo transforma¬ 
tion of ihmoline mlo aniline, 03, 
•recent additional observations on the 
phj fliolojncRl action of hight, 151 

Dickson ^rrof A ) on two monstrosities 
of Mali icai m tnodoruj 143 , on latici- 
foious tanala ui fruit of Lwmoehartg 
Vlumuri^ 144 

•Diet, tbe racial, in India, Surgeon- 
Major Joliuatou on tbe dynamics of, 
lo4 

•Dilliision of liquids, secular illustmtiOP 
of the laws of the, 35 

*Ih<m(Ba viWiCiiiula (fly-trap), new re- 
soarchos on the elc'Ctncal phenomena 
consequent on irritation ol the leaves 
of the, by Prof Bimlon Sanderson, 
103 

•Dittmor (W ) on the proximate ana- 
Ijsia of coal-gas remarks on Re- 
boul's paper on pyro-tartanc acid, 63. 

Division-reiuaindera in arithmetic, by 
W II Walennon, 30 

•Dixon (K M.]| on an apparatus for Uie 
analyaig of impmities in tbe atmo¬ 
sphere, 63. 

DoWm (T) on unproved safety-appa¬ 
ratus for mine-boists and warehouse- 
hfts, 222. 

Dock- and quay-walls, foundations, Ac., 
T. S Hunter on. 225. 

Drainage outlets tnroimh «lob lapds, A. 
Crum-Ewing on, 220. 

Dnitg and boulden of the upper pbrt of 
tbe valley of tUia Wtane, £. 
Sewell on tb^ 05. 

•Dunnachie (.T) on fire-brick, 63. 
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^Earthquake districts of Scotland^ Dr 
T Bi}ro on the, 88 

•Eastern picturo-wnting, J Park liar- 
naon on the, 105 

*Eclipf>o of the f-un ohservcd nt ^jam in 
April 1875, 40 

Economy of penalties, Tiev T S Burt 
on the, 105 

Education compulpor^, Dr \\ Tack on 
the rtaulla of inc tears of, -.00 

* -, physical, and hrgiert in gchooN, 

W Jolly on, -H)7 

Elaemohranchs, I AT Balfour on the 
deiclopnuntof I he pioto-M rttbroe in, 

147 

Electric induction and conduction, O J 
Lodge on a meclmnical illustmtion of, 
42 

•Electncity, contact, Su W Thomson 
on, 45 

*Eloctroinet< r, Pi of J J\ w ai on a new 
form of, 42 

Engine foi starting and icttrsing laigo 
marine engine*^, V B Blown on an, 
210 

Equatorial Africa, Commander Cameion 
on hi8 )ournty through I8l 

Evans ('Captain 1 J ), Vddress nv, to 
the Geographical Section 1(10 

• -(M ) on the application of spring 

fenders to pioi heads, 223 ‘on a safety- 
lock for facing-pomts, 223 

Evaporating-pan, a safe and rapid, 

H T Alien on, 01 

Evolution of Btx in the togtlahU king¬ 
dom, G S lioulger on the, 142 

•Expansion of solids by heat two now 
forms of apparatus for the expon- 
mental illustiation of the, by I’rof 
Barrett, 48 

•Excretion, town expenmintal ro- 
aearchts on tlie chcnncal treatment 
of, by J J Coleman, 03 

•Facing-pomte, M J >aufl on n saftty- 
lock for, 223 

Fell (J B ) on the experiments made at 
the camp at Aldershot with a new 
form of military held-railway, for 
rapid construction in war-time, 223 

•Ferguewon (A ) on white Lead, 03 

Filtenng-Band, J I ang on an apjaratus 
for cleaning, 232 

•Finland, Kev J Pattwon on a loumcv 
across, froip EUenborg to Archangel, 
v%4 Eemi, 63 

•Fire-bnck, J Dunnachie on. 63 

First elliptic integral. Prof F W New¬ 
man on the use of Legendre’s scale 
for calculating the, 28 


•Flangin^iron and steel plates fur boiler 
purposes, A B Brown on a, 210 
•Heming (S) on the conventional 
division of Time now in use, and 
its disadvantages in connexion with 
steam communications m difftTi.nt 
p'lrts of tlie world with remarks on 
tlio desirabililv of adopting common 
tira« ovtr Iht globe fir mil wavs and 
sUam ships, 182 

I lesh diet in tropic al climates, C O 
Groom’Sapitr on the unwholesonic- 
uess of 151 

I liiitls Plot 1 Guthrie and Dr P 
Gutlirie on tho passage of through 
capillary and othei tubes, 31 
Elv-trap {JJiottfm ?;>«/«), new rt- 
^eaicnes m the ehctrical phonomina 
consequent on imtatiou of tlie loaves of 
the by Prof Burd m Sanderson, 130 
•Foibes (Piof ) on the '^ite of the g^vt 
of Gf nghiz Khan, 182 
-(Dr L ) on the hanioau Archipe¬ 
lago 181 

Joula, G A Gibson on tho physical geo¬ 
logy and geological stnicturo ot W 
•J faction expansions for senes, Jf Aluir 
on the relation between two con¬ 
tinued, 28 

hritflch (Dr A ) on Labynnth(>dont re¬ 
mains from tho TTppcr Carboniferous 
(gas-cofll) of Bohemia, 80 
•Eroudo (W >, mechanical theory of the 
soaring of birds, il 

(laelic and Enghsh, the relation of, Rtv 
W Camtron on, 104 

- inhabitants of Scotland, Hector 

MacLean on the, 100 

-- speaking population of Scotland, 

Rev W Rom on the educational 
value of their native language to the, 
208 

Gallon (Capt D ) on railways on three- 
foot gauge in tho United Stetefi, 
224 

•Gamgto (Prof) on tho physiological 
nelioD of p}ro-, ineta-, and ortho- 
phosphonc acids, 04 

- and L Jjannuth on the action of 

vanadium upon the intrinsic nervous 
mechanism of the frog’s heart, l6l 

-, J IbncsUey, and L Lumuth on 

the diflertnce in the poisonous 
activity of phosphorus in ^ortho-, 
roeta-, and pyro-phoaphono adda, 
151, on the action of pyrophos- 
phonc field on the circulatioii, lo2 
Gamer (tt ) on the braan of the Oeiktditf 

m ’ 
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Oamets, doubly-refracting, Dr. \oii Lar 
saubc on, {>2. 

Gaa-condenszng znacliino for the lique- ' 
faction of gB&pH by combined cold and 
preaaui'c, .T, H Coleman on a, 03, 
220 

•Gasholder, a form of, giving a uniform 
Ilow of gaH, Vrof ] iiiriett (in, 

•Genghi7 Khan, ot the grave of, 

IVof Forbes on, 1H2 
General theorems relating to closed 
curves, by I’rof P Tail, 20 
(5encsiH, the po'^sible, of the chemical 
elements out of ii homngeneouft comiik 
goa or common vapour of matter, Dr, 
Mocvicar on, (35 

Goograpbical Section, Cap! F J Evan’s 
Addreua to the, 100 

Geological Section, Piof J. Voung’s 
Address to the, 7i 

Geology, the pli>8ital and g(‘ologual 
Rtrutlurc of Fuuln, G. A Gibneiij on, 
00 

♦Germ theoiy, sprnitanoons evolution 
and the, by Di N (’urnncbael, 140 
Gibson (G. A ^ on the phveical geology 
and geologicid structure of Foiila, 
U8 

•Chlclirist (Dr.) on the red soil of India, 

00 

•(jimingham (0, II) on a modification 
of the Sprengid pump, and a new 
form of vtu'uum-tap, 10 
•Gladstone (Piof) on the indueiice of 
the condition and quantity of tho 
negative element on tho action of the 
copper-7inc couple, G4, 

Glaiflher (J W E ) on cci tain detor- 
mmants, 13, on u hories Humniation 
leading to an expression for tho theta 
function aa a deumtw integral, 15. 
•Glen Koy, tho parallel loads of, J. 
Maefodzean on, 03 

-,-, D. Milne Home on, 03 

•Glucmum, its atomic weight and spe¬ 
cific heat, Di, J E. lieynolds on, 
68 

Gold standard, tho British, Dr W N. 
Hancock on the importance of extend¬ 
ing, to India, 108, 

-for India, tho depreciation 

of silver and a, S Mason on, 207 
• Grain-sieve, J. II. Greenhill on an im¬ 
proved, 226. 

Granite and Old Rod Sandstone, E. A. 
Wunsch on the mnction of, at Gleu 
Bannox, Armn, 08, 

- of Strath-Emck, Lough Ness, 

Dr, J Bryce on the, 87; •on the 
earthquake diatricta of Scotland, 88. 


Graphical interpolation and integration, 
G II Darvvnn on, 13. 

-ropresentation of the moments of 

resistance of plane ticures, rosumO of 
lesenrclies upon the, by Piof G Jung, 

•Gravitv, J. Crull tm the tiaiiHformaUon 
of, 3(> 

•Groeulull (J II ) on an improved 
gram-sieve, 226 

Grubb (H.) on tho testings of laige 
ohjcoti\rs^ 3G, on recent improve¬ 
ments in ocpiatoiinl tolescopes, 37, 
on a method of photographing tho 
defects in optical glass arising from 
want ot homogeneity, 37 
Gulf of Cutch, tidal oi^erations in the, 
('apt A W Baird on, 62 
•(futhiie (Dr F ) and Piof F Guthrie 
on the passage ot fluids through capil¬ 
lary and other tubes, .31 
•-(Prof F ) on solid water, 64. 

IlatHkel (JC) uber dio itn 

{IfaUphy^eina und Gat'tiophijiicma)^ 

Hancock (Ih* W A ) on Savings* Banks 
as a State function dovtdoped by 
chanty organization, B)0, cm the im- 
poitanco ot extending tho Biitish gold 
standard, with subordiinile silTer 
coins, to India as a iTinedy for the 
jiiconvcnience m India of a rapid 
preciatiou of silv er, lt)8 
•fiarknotw (Prot ) and I’rof. A, H, 
Nicholson on the stmta and fossils 
between the Bonowdalle series of the 
Comston lings of the north of Enir- 
hiiid, 00. 

•Harper (R R ) on impmv ementa in 
railway apphauces, 225 
•—— (W ) on the natives of British 
Guiana, 106. 

•Harrison (J Park) on tho Eastern 
picture-wntmg, 165 
•Hartley (W N ) on the critical point 
of liquid carbonic acid in miuemls, 
04. 

•Ilartshorne (B F.) on the Rodiyaa of 
tfeylon, 105 

•Hay (Capt. J, 8 ) and Commander 
Cameron on homed men of Akkcm, 
in Africa, 105. 

Hayden (W.) on parallel motion, 16i 
•Heart, Dr, Patou on tho action and 
eouuda of the, 165. 

Henderson (W.), the history of copper 
extraction by the wot way. 04. 
Hennossy (I*ro£) on tho aoordMe of 
temperature with height on the 
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eaarth's eurface, on tho distribu¬ 
tion of temperature over the British 
Islands^ 89. *on new atandards of 
measure and weight. 40 
•Heywood (J.) on tne memorial of 
eminent scientific gentlemen in fa\our 
of a permanent tHioutiiic miieeum, 
190. 

Highlands, tho ph}fliral Htiiictuie of 
the, in connexion with their geologi¬ 
cal history, the J)nko of Argyll on, 
81 

High-leyel terraces in C'arron x alley, 
county of Liiilithgou, D Alilue- 
IJonie on, 04 

Hittile, Khita, llaumth, t^inoanito, L}- 
dian, Etiuscan, Peruvian, Mexican, 
^!:c , Ilydo CIotk on, lOo 
Ilolmea (J. V ) and 11 Uussell on the 
raised beach on the Cumberland 
coast, between Whitehaven and Bow- 
neas, 95. 

♦Hope (Col.) on the purification of the 
Clyde, 04 

Hopwood {K. O ) and II O llrooke on 
tne changes in the circulation which 
are iiiduceil when the blood is ex¬ 
pelled from tho limbs by Jiismarch s 
method, 147. 

*Horck (II V J I. V d ) on the I>ap- 
landers and people ol the north of 
Europe, 109. 

•Homed mon of Akkcm in Africa, 
Capt J 8 Hay and Commander 
Cameron on, 105 

Hull (Prof E ) on tho upper limit of 
essentially mnnue beds of the car¬ 
boniferous 8} stem of the Bntish JhIcb, 
and the necessity lor tlio establish¬ 
ment of a middle corboiiifeious group, 
90, on a deep bonng for cool at 
Scarle, near Jjincoln, 91, 

Humerus, l^of Cleland on the morpho¬ 
logical relations of the lower end of 
the, 148 

Hunter (T. S ) on dock- and quay-walls, 
foundations See , 225 
•Huntonan Museum, Prtjf J Voung on 
the new cases in the, 147 
•Hydnodic acid, R. U. SiUa on the 
action of, on mixed ethers of the 

general formulaCAHj»+i-hO.CHji» 98 

•Hydrocarbons from tur^ntine, two 
new, A. 0. Letts on, 65. 
Hydro-|feolo^cal surveys, B. Latham on 
the impor once of, lh>m a samtary 
j»mt of view, 326. 

•Hygiene, pbytioal educatioa apd, in 
schools, W. Jolly on, 207. 


*lndia, Dr. Gilchrist on the red soil of, 
90 

Indian opium revenue, Rev. F. S Turner 
on the statistics of the, 210 
•Instability of steady motion, Sir 
Tiiomson on a new cose of, 85 
•Instinct, Rev J M‘Cami on tho origin 
of, 160 

Inverse problems of moments of inertia 
and or moments of reel stance, rdsum^ 
of researches qju tho, by Prof u Jung, 
2] 

Iodine, ECU Stanford on tlio mami- 
fa( tiire of, 98 

Ireland, II Jeplison on the valuation of 
propt'rty in, 200. 

•Iron bhips, compass correction m, Sir 
W Tlitmiaun on, 45 
•iHo-purjninne, Dr W A. Tilden op a 
new, iO 

•Jack (li. Ij ) on Tertiary basalt-rock 
dykes m Scotland, 92 

-(Dr W ) on tho residts of five years 

of compulsory education, 200. 
•JaiiHsen (Dr .1 ) siir les usages du re¬ 
volver photograpbiqiio eu astronomie 
et en biologic, 4U , * photographies du 
passage do V^nua a Kobd,40j *8ur le 
mirage eu mer,40, 'oiimdarpliotogra- 
pUy, with retereuco to the history of 
tlu* solar borfaco, 40 , •on the eclipse 
of tho sun observed at 8*am m April 
1875, 40 

Jeflery M ) on plane cubics of tho 
thiid class with a double and a single 
focus, 17 , on spherical class-cubics 
with double foci and double cybe arcs, 
10 . 

Jeflroy8(.I Owjn), the biological results 
of a cruise in II M.S. * \ alorous' to 
Davis Strait in 1875,147 
JephsoD (11 ) on the valuation of pro¬ 
perty m Ireland, 200. 

•Johnston (Surgeon-Major^ on the dy¬ 
namics of the racial diet m India, IM 
•Jointed pnsmatic structure in basalts 
and other igneous rocks, IgrUicr illua- 
trabona of the, by Prof. J, Thomson. 
90 

•Jolly (W.) on physical education and 
hygiene m Bchodls, 207. 

Jordan valley, lh*of. Porter on tlja phy¬ 
sical conformation and antiouities of 
the, ^84. 

J ung (Prof. G.), rAiiqnd of researohM on 
the inverse problems of mop^ts of 
inertaa and of moments of resutance, 
21 $ rdium^ of lese^bei the 
graphical repmentatioq of thg mo- 
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luentfl of resistance of pi we figures^ 
23 , on a new construction for the 
central nucleus of a plane section^ 23 

•Kennedy (Prof A B VV ) on cen¬ 
troids, and tlieir application to some 
incLhamcal piobleun, 20, *011 Reu- 
leux’s treatment of mochanisins, 220 

Kerr (Br J ) on rotation of the plane of 
polan/atioii by reflection from ft mag¬ 
netic pole, 40 

Kingzett {C T ) on the limited oxidtv- 
tion of torpenes (Part IV ), 04, on 
the action of alcohol on iho brain, 
154 

Knowles (W J ), the rlassiticfttion of 
arrow-hoadH, IfMl, additional remarks 
on the find of prehistoric objects at 
Portstowart, lOtJ 

•Knox (Br ) on Bosjea skulls, 106. 

Lab^nnlhodont remain^ fioni the upper 
Caibonift'itms (gas-eoal) of Boheuna, 
Dr A Piit-H'h ou, 80 

•Ladd (W.), a doscnptioii of SpoUis- 
woode’s pocket polarmng apparatus, 
41. 

•Lamina immersed obliquely m a fluid 
stream, Lord Rajleign on the forces 
expencnced by a, 01. 

Lamp, R I-4v\endorou a now form of, 
22VX 

•Laplanders and people of tlio noith of 
Europe, 11 1 IT \ d Ilorck on the, 
100 

Larniuth (L.) on the poisonous activity 
of \ unadium m ortho-, lueta-, and pj xo- 
\anadic atids, 155 

-and Prof (iftuigeo ou the action 

of Aftnndiuni upon the intrmsu ner- 
\oufl luechanism of the frog’s hcait, 
161. 

-^ and J Priestley on the 

action of pyremhosphone acid on the 
circulation, 152 

Lasftulx (Ur von) ou some new minerals, 
and on doublv-refracting garnets, 02 

LathamfB Ion theiniportancuof hydio- 
geological suiweys from a sanitary 
point of view, 22tb 

LaticiferouH cwals m fruit of Xiwmo- 
eharti Plumtertf Prof. A. Dickson on, 
144. 

Lavender (K ) on a now forna of lamp, 

229. 

Lead, the action of dilute sabne solu- 
Uotis upon, M. M. P. Muir on, 06. 

•-desilverizing by the zinc process, 

J. ^ Stoddart on, t58. 

Lebonr (^' A.) on the changes afl^ting 


the southern extension of the lowest 
Carboniferous rocks, 93. 
•Lecture-table, the new, for physical 
demonstration m the Royal College 
of SciGuco for Trcluud, diagrams and 
description of, by Prof Barrett, 48 
Legendre’s scale for calculating the first 
elliptic mtegi'ftl, Prof F. W Now- 
muu on tho use of, 28 
•LeMmahagow^ Dr R Shmon ou the 
Upper SMlunaij rocks of, 00 
•Ijctts (A. Cl on twQ new hydrocar¬ 
bons from turpentine, (15 
Lightning, the protection of buildings 
from. Prof J U Maxwell on, 
Limmchans JVuymcn, Pi of A Dickson 
on laticiforous ennais in, 145 
•Li\erpool, o\ercro\vding in, R W. 
Pitch or on, 208 

Lodge (O J ) on a mechamcal illustra¬ 
tion ot eloctnc indue turn and conduc¬ 
tion, 42 , on a mocliaiuoal illustration 
of th<‘inK>tlec Ulc pin uoaieiia, 43 
Long (J ) on an uppmatus fur ckamiig 
filtenng-sand, 232 

•Lungs, Dr W Stirling on the nervous 
apparatus of the, 163 

•McCann (Bov J ) on the origin of in¬ 
stinct, 106, *ou tho organization of 
oiiginal research, 207 
Macfad/oaii (J ) on the parallel roads of 
filon Roy, 03 * 

M^Kondnek (Di J (T ), Address by, to 
the Depai tinont of Anatouiy and Phy¬ 
siology, 126. 

•Mackerel sky, physical explanation of 
tho, by Sir W. "fbomson, 54 
Maclean (II ) on the Gaelic inhabitants 
of Scotland, 160, on the Anglicizing 
and Oaelicuing of suiuamoa, 107 
•M'Nob (IVof) on VhoreocKol^jc polys%-‘ 
phoma?^ Keinsch, 144 ^ •on the struc¬ 
ture of tho loaf in ditlcieut species of 
Abieii, 144 

•Mactear (J ) on soda manufacture, 66. 
•Ma<'virar (I)r ^ on the possible genesis 
of the chenucol clemeuts out of a 
homogeneous cosmic gas or common 
\apour of matter, 65. 

•Magnetization of iron, the effects of 
stress on the, Sir W. Thomson ou, 46. 
•Magneto-electnc light, photometrio 
^easurements of the, by Capt. Abney, 

•Major third, ft practical method of 
tuning *7 Sb W Thomson on, 46. 
•Msnaef (R.) on the direct tnotioiL of 
stem-vessel#, 297. 

Mansion (Prof. P ), eleraent^ty demon- 
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strati on of ix fundaniontHl principle of 
tbo theory of functions, 20. 
*Many-^alued functions, M M W 
Wilkiuflon on, 30 

•Marcoartu (Don A de) on Spanish 
mmir^r, 207 

Mason (S ) on the depreciation of aiKer 
and a ^old etandard for India, 207 
Mathematx'nland Physical 8t*ction,Piof 
Sir AV Thoai'^on’H Addre«a to thf*, 1 
Mntheflon (J , jnu ) on the eiUer di¬ 
lemma, 207 

3I(Uncat la tnodoraj I’rof A Dichson on 
tv\o nionstroHitibfl of, 143 
Maxwell (Prof J (’ ^on the protection 
of buildmf(? from hprhtnmjr, 43 
Mechanical Section, 0 W. > fern fields 
Address to the, 211 

•-Ihecny of the ‘‘oanii^ of birds, by 

W. Fronde, 31 

McduBEe, ph^sioloprv of the nervous 
system of, "CK J llomanas on, 168 
•Mensuration of certain solids, I’rof J 
Thomson on a theorem in tiie, 30 
•Mental process of animalH dunnjr the 
human peiiod, J ShuAv on, 109 
Mernfield (V \V ), Address by, to the | 
Mechanical Section, 211 
•Metal suifafe^, .1 D Detnon on n hand 
machine for shaping aud finishing 
molal surfaces, 210 

Mej^alhc reHecljon, Prof (b Ci Stokes 
on a phenonieaou of, 41. 

Metric units of force, energy, and power, 
larger Ihnu those on the centimetres- 
gram-second system, I’rof J Thom- 
wm on, 32 

•Microscope adapted for showing the 
circulation m tae Immnn subject, Dr 
U Pritchard on a. 16H 
Mildew in grey clotn, W. Thomson on 
the growth of, 70. 

Military field-railway, J, B Fell on ex¬ 
periments made with a new form of, 
223. 

Millar (W. J 1 on the strength and frac¬ 
ture of cast iron, 227 
Milne-Honie (D ) on the parallel loads 
of Glen lioy, 93; on high-level ter¬ 
races in Catron valley, county of Lin¬ 
lithgow, 94 

•Mind, I’rof Barrett on sotno phenomena 
associated with abnormal conditions 
of, 10*. 

Minerals, some new. Dr. von Lasaulx on, 
92. 

•Murage en xuer, Dr. J. Janssen sur le, 

40 

•Mitchell (W. S.) on the Bagshot peat- 
beds. 


More (A. G.) on the occurrence in Ire¬ 
land of Nitphai intermedumij Ledcb., 
144, *on Zo 9 t€ia nana from Carnar¬ 
vonshire, 144 

*Momi (Itc'v, F, () ), a double dilemma 
I in Djirwiiiism, 147 
I Mun (iXl M P ) on oMsonlial oil of sage, 
(F), ou thi at tion of dilute wahne so¬ 
lutions iipoiilnad, ou certain com¬ 
pounds oi bi'^muth, 0(1 

-(T ) on convei gents, 27, *on the 

redatJon between two tontiuued £i ac¬ 
tion expansions tor seiic-^, 28 
•Murray (J ), notes on nueamc deposits 
and their origin, biw>ed on observa¬ 
tions made on boaid II.M 8 ‘Chal¬ 
lenger,’ 117, on the geological dis- 
tiibutioii of oeeamc depu'^ils, 18J. 

Karnes, tlie prehisloiic, for uniu, mon¬ 
key, li/ard, \e , 11}do Clnike on, 1(J5. 
Napiei (C O (Irnom) on tlie un^^holfi- 
somene^is of flesh diet in trop.cal cli¬ 
mates, 163, on the Pluemciuns, 195 
*Xafim}lh (J ) on a spherical pendulous 
«aftt}-\fthe, 229 

•^a^al signalling, Sir \V Thomson on, 
2.13 

Neno«, tho lerminatum (jf, in the vestj- 
hule and semiens uhn ennals of Mam¬ 
mals, Ih. U Prilchaid on, 166. 

New (iumea, Ck taMiis Stone on hu 
locentjourneys in, 184 

-, N W , (1 K Cerruti on his recent 

exploiationg in, 182 

•Newlands (J. A H ) on relations 
among tho atomic weights of the ele¬ 
ments, (Ml, 'on the pdum procoaa m 
siigar-refimng, (Ml. 

Newman (Prof F, W ) ou the use (.f 
lM?geudre’s bcale for calculating tie 
first olhptir integial, 28 
Newton (Prof A ), Address hy, to tho 
iKj^artment of llotany and Zoology, 

Nichols (Kerry), evplnratious in the 
idands of tlie Coral Sea, 107,183. 
•Nicholson (Pjof A H.)and Prof. Hark- 
noss on tho strata and fossils between 
the Borrow dado senes of the Oonis- 
ton flags of tho north of England, 90 
•Niger, A Bowden on a now route to 
the tources of the, 181. 

•Nitroso derivatives of the terpener, 
Dr. W. A. TOden ou the, 70. 

Nmhar intermedium^ A. G. 

More on the occurrence in Irehuid of, 
144. 

•Nutation of a solid shell containing 
liquid, Shr W. Thomson on the, 86. 
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ObjecU\eii, largo, II. Grubb on the test¬ 
ings of, 80. 

Oceanic do|>o 8 its, J. Murray on the geo¬ 
logical distribution of, 1 § 8 . 

•-and thnir origin, notes on, 

based on ob 8 er\ati(nia made on board 
II M S *Ohallenger/by J Murray, 147 
Old Ked Sandstone, K A Wunsch'onthe 
junction of granite and, at Como and 
Glen SannoA, Arrau, 

Optical glass, the defects in, arising from 
a want of homogeneity, II Giubb on 
a method of plintttgrnnlnng, 'J7 
*Or]gmal reseaich, Dr M‘Cana on the 
organization of^ 207 
ercrowdiug in Liverpool, Jl. W 
Ibtchei on, 208 

Oxidation of terpenes the bniited, G. 
T Kiugzett on, 04 

*Oxygen, G. J Stone^ on tlie atomicity 
of, 01 ). 

Pandanefc of the'Ma<^cnr(‘ne and S<'y- 
chellos Islands, I Ji Ilalfour on tlie, 
142. 

Parallel motion, W. Ifavd^-n on, 18 
•l*aiallol roads of Glen Itoy, I. Matfod- 
zpou on the, 08 

-—, 1 ) Milne-Tlome on the, t) 1 

•Passage of fluids tlirough capillary and 
other tube^, Piof F Gntline and Dr 
F Gutbiio on the, 81 
Patent legislation, St J V. Dai on 
recent atb^mpts at, 198, 

•Paterson (Itev J ) on a ^ournei aertws 
1 inland, from l‘UIenborg to Arch¬ 
angel iHil Komi, 183 
•Paton (Dr ) on tlio action and sounds 
of the heart, 156 
•Patterrion ('P Ij.) on sugar, 07 
Peach (G W ) on clrciimato vernation 
of Sphenojytena affimafrom the earlnist 
stage to completion, and on the dis- 
coiery of Stanhyhpiet'Uf a genus new 
to British rocks, 04,114, 

Pendulum-vibrations, the conditions of 
the transfoimatiou of, li 11 M. Bo- 
Banquet on, 45. 

Pengolly (W.) on an urn from Ghnd- 
letgh, Devon, 180 

•ipentachlonde of phosplioru'^, the action 
of, on turpentine, Pi of. Crum Brown 
on, 62. 

•Perak and Salangore, W. D’Almeida 
on, 182, 

Perkm (W. H.), Address by, to the 
Chemical Section, 56; on some new 
anthracene comnounde, 67. 

•Parry (Prof.) ana Prof. Ayrton on the 
thenrv of voltaic action. 42. 


•Phend (J. H ) cm rebes of Totemism m 
Scotland in histone times, 160, •on 
the Arthurian apple and the serpent 
of the ancients, iViO 

*Pha?nician 8 , G 0 Groom Napier on 
the, 105 

•phosphorite deposits of the south of 
France, J. E Tajlor on the age, 
fauna, and mode of occurrence of the, 
96 

Phosplioms, the difference in ^ the 
poisonous activity of, in ortho-, meta-, 
and pyro-phosphoiicmnds, 15:of Gam- 
geo, John Piiestloy, and J.eopuld 
Larmuth on, 151 

•photography, solar, with reference to 
the history of the <^olar siirfaco, Dr 
. 1 . Janssen on, 40 

•Photoraetnc measurements of the mag- 
note-cloctnc light, bv Capt. Abney, 
88 

Pht/'iernanm (I£ahp?iJ/Hfvict und Gastro^ 
pht/<i€ma)^ F Hneckol uber die, 158 

Phisical structure of the Highlands, 
tlio Duke of Argyll on the, in con¬ 
nexion with their geological history, 8 l. 

•Physiological notion of pyro-, meta-, 
and ortho-phosphoric acids, Prof Gam- 
gee on the, 84 

•-of sight, recent additional 

obsenaCions on the, by Prof. Dewar, 
151 

Phy-^iologj', Dr J G M‘Kendnck'a 
Address to the Department of Ana¬ 
tomy and, 128. 

Picohne and derivatives, Dr. W, 
Ram Hay on, 87 

•Pitcher (R W ) on overcrowding in 
Liverpool, 208 

•placenta, Prof W. Turner on the 
structuTo of thoj in relation to the 
theoiy of KvoUition, 188 

Plane cubics of the third class with a 
double and u Bii'gle focus, II M. Jef¬ 
fery on, 17 

Plants of the Coal-measures, l^f, W. 
(' Williamson on some of the physi¬ 
ological and morphological j5>ature« 
seen m the, 146. 

Playfair (Col R. I 4 .) on travels in 
Tunis m the footateps of Bruce, 183. 

•pneumatic tramway-car, W, D. Scott- 
Moncreiff on a, 

Polarization^ rotation of the plane of, 
by reflection from a mngnetio pole, 
Dr. J. Kerr on, 40 

•Pollution of rivers, Rev. R. Thomson 
on the prevention of, 70, 

Poor law, the Scottish, A. Oidrd 
on some sneciol evds of. 197. 
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Porter (Prof.) on some points of interest 
in the physical conformation and an¬ 
tiquities of the Jordan valley, 184. 

Portstewart, additional rcmarKa on the 
finding of preliistonc objects at, by 
W J Knowles, KKJ 

Pre-corboniferouft and metamoniliosed 
trap-dykos, and the aswiated rtwks 
of North Mayo, Ireland, W Traill on 
certain, 97 

Preaeasionnl motion of a liquid, Sir W. 
Thomson on the, 

Pneslloy (J ) on the physiological action 
of vanadium, lo5 , on the physiolo¬ 
gical action of chromium, 1/30 

-, Prof Gamgof*, and \j Larmuth 

on the different e in the poisouou'i ac- 
tmty of phosphorus in ortho-, nieta-, 
and pyropuuspnonc a(ids, 151, on the 
«tion of pyrophosphonc acid on the 
circulation, 15*2 

Ihnmitiie agnculture, A, W. Burkland 
on, 1 (U 

Pritchard (Hr. U ) on the tciminarion 
of the nerves in the Acstibule and 
semicircular canals of Mniumnl8,150 , 
•on a microscope adapted for showing 
the Circulation in tho Imiimu subject, 
158 

^Purser {Pi of J ) on the modification 
of the motion of \vavcs produced by 
fluid fnction, Jll 

•Puturaa^o or I 9 A, the nver. South 
America, A. Simson on, 184, 

Pyrophosphonc acid, the action of, on 
the circulation, Prof Garngee, J 
Priestley, and h Larmuth on, 152 

* Pjrotartanc aci d, remarks, by W 

IHttmar, on Rcbours paper on, 03, 

Radiometer, W. Crookes on the in¬ 
fluence of the residual gas on the 
movement of the, 30. 

•Railway appliances, R, R. Harper on 
improvements in, 225 

* - trams, 'W. Stroudley on com¬ 

munications between passengers and 
gpiarda in, 233. 

Railways on three-foot gauge in the 
United States, Capt. D. Galton on, 
224. 

Rfused beach on the Cumberland coast, 
between Whitehaven and Bownew, 
Russell and J, V. Holmes on the, 
96. 

Ramsay (Dr. W) on picoline and ite 
denvatives, 07. 

•Rayleigh fLori) oh the forces ex- 

S erienced by a lamitla immersed ob- 
quely in a fluid stteato, 31. 


*Reboul*s paper on pyro-tartarie acid,W. 
Bittmar on, 03 

•Red soil of India, I)r. Gilchrist on the, 
90 

Residual gas, the influence of the, on tho 
mo> emont of the radiometer, W, 
Crookes on, 30 

•Rculeaux’s treatment of mechanisms, 
Prof A B W Keunody on, 220 

*Re^ olver photograpbiquo en ostronomie 
et en bimogie, Dr J. Janssen but lea 
usages du, 40 

•Reynolds (Dr. J. E ) on glucinum, ita 
atomic weight and specific heat, 08. 

•- (Prof O ) on the resistance en¬ 

countered by vortex rings, and the 
rtdation between tho vortex ring and 
stream-lines of a disk, 31, on the in¬ 
vestigation of the steering qualities of 
ships, 229 

•Right-handedness, J Shaw on, 109 

•Rivers, Rev U Thomson on the pre¬ 
vention of the pollution of, 210. 

Romanes (G J pliy^uology of the 
nmous system of Meduwe, 158. 

•Romcr (Dr F ) on the mountain lime¬ 
stone of the west coast of Sumatra, 

m 

Ross (Ttov W ) on tlie educational value 
of their native language to the Gaelic- 
speaking population of Scotland, 208, 

Rowan (F J.) on boiler incrustation 
and corrosion, 229 

Rutwoll (F.) on Sheriff courts and rela¬ 
tive mdicial statistics, 208. 

- (R ) and J V Holmes on the 

raised beach on tlie Cumberland coast, 
between Whitehaven and Bowness, 
05 


•Sabine’s, Mr, method of measuring 
small mtcrvftifl of time, W. IL Walenn 
on, 52. 

Safety-apparatus, improved, for mine- 
hoists and warehouse-lifts, T Dobwn 
on, 222. 


*-lock for facing-points, M. Evans 

on, 223. 


— voire, a spherical pendulous, J. 
Nasmyth on, 229. 

ige, essential oil of, M. M. P. Muir on, 


•Salai^^e, Perak and, W. B. D’Almelda 

Sahne soiutlons, dilut^ the actidU of, 
upon lead, M M. P. Muir on, B0. 

•Samoan Archipeligo, Dr. L. f^otbes on 
the. 183. 

•Sana-bSrs. BerghRm on ibe itfinoral 
of, frofli ba^tlAioUths, 219. 
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•Sanderson (Prof. Burden), new re- 

eearcliea on the elet'trical phenomena 
consequent on irritation of the leaves 
of the fly-trap {Dwn<va mmcxpula)^ 

las. 

Savings’ Banks as a State function deve¬ 
loped by chanty organization, Dr. W, 
N. Hancock on, IW 
•Scientific Museum, a permanent, J 
Ileywood on the memorial of eminent 
scientific gentlemen in favour of, 199, 
•Scotland, Dr J Brvee on the earth¬ 
quake districts of, 

Scottish poor law, A M‘N. Caird on 
some spoeml evils of the, 197 
•Scott-Moncroifl (W’^ D ) on a pneu¬ 
matic lriimwa)-car, 2d3 
•Serpent of the ancients and the Arthu- 
nan apple, J S Phou6 on, 109 
•Sewage, W. CJ Sillar on the utilization 

of,oa. 

•- purification and utili/ntion, J 

Banks on, 02 

Sewell (Jtev E.) on the drifts and 
boulders of the upper part of the 
valley of the Wharle, Yorkshire, 95 
•Shaw (J ) on right-handedness, 109, 
on the mental progri'^s of aminsls 
dunng the human pouod, 109 
Shenfl courts and relatuo judicial sta¬ 
tistics, F ItuKsell on, 208 
•Siemens (Dr. 0 W ), description of 
the bathometer, 31 

•Sihea colls, artificial, evnonments on 
the formaljon and growth of,by Prof 
Cohn, 140. 

Siliceous spongi's fiom the Carboniferous 
limestone near Clasgow, J Young on, 
90. 

•Sillar (W C) on the utilizat ou of 
sewage, 68, 

•Silva (R D.) on the action of hydriothc 
acid on mixed ethers of the general 
formula CJl,,+,-|-O.CII„ 68. 

Silver, the inconvenience of a rapid de¬ 
preciation of, in India, Dr W. N. 
Hancock on the importance of extend¬ 
ing the British gold standard to India, 
os a remedy for, 108. 

-, the depreciation of, and a gold 

standard for India, S. Mason on, 207 

- dilemma, J. Matheson, jun, on 

the, 207 

Simons (W.) on an elevating steam ferry, 
233. 

•Simson (A ) notes on the River Putu- 
mavo or I 94 , South America, 184. 
•SkuU, a hydrocephalic, Prof Clelond 
on, and on the duplicity of the tem- 
pothIridg^,149. 


•Skull, Sooloo, Prof. Cleland on a, 106. 
•Skulls, Bosiea, Dr Knox on, 166 

* -, two, from the Andaman Islands, 

Dr. Allen Thomson on, 169 
Slavery and the slave trade, Rev A 
Bu^ocott on tlie presont extent of, 
190 

•Slimon (Dr R.) on the upper Silunan 
rocks of Le'^mahagow, 96 
•Smith (A ) on swliuni, 68 
•Soaruig ot birds, mechanical theory of 
the, by W Fronde, 31 
•Soda manufacture, J Mactear on, 65 
•Sodium, A Smith on, 08 
•Solid water, Prof Outhne on, 64 
•SpaiiiHh mining, Don do Mnrcoartii 
on, 207 

^henoptei is affims, C W. Peach on cir- 
cuinate vernation of, from the earliest 
stage to completion, 94,144 
Sphenciil cUiMa-cubics with double foci 
and double cyclic arcs, IT M Jeflbry 
on, 19 

•Spottiswoocle’s pocket polarizing appa¬ 
ratus, a deflciiptiou of,by W Ladd,41 
•Spnmgel pump, 0 II (Bmmghani on 
a nuKliflcution ol the, 49 
•Spring fenders, M Evans on the appli¬ 
cation of, to pier-heads, 2JM 
•Standards of measure and weight, new, 
Prof IfennesHV on, 49 
Stanford (EC C ) on tho manufacture 
of iodine, 68 

Sfaphylopfe? i$f a genus new to Briti^ 
rocKs, C W IVach on the discovery 
of, 94. 144 

Steam ferry, an elevating, W. Simons 
on, 233 

* -Bhip resistance, J. E WillkiiuB 

on, 233 

* -veneels, R. Mausel on the direct 

motion of, 227, 

•Steel (J ) on the bi-ake problem, 233. 
•Steel plates for boiler purposes, A B. 

Brown on a flanging-iron and, 210. 
Steering qualities of 8hn>s, l*rof O. 
Reynolds on tho investigation of tho, 
229. 

•Stephenson (Mr ) on tho civilization of 
South-eastern 4fnca, 208 
•Stirling (Dr N.) on tho nervotu ap¬ 
paratus of tho lungs, 163. 

Stobeross Docks, description of, by J. 
Deas, 220. 

•Stoddart (J. E.) on lead desilveriting 
by the zinc process, 60, 

Stt»kes (Prof G. Q.) on a phenomanon 
of metallic reflection, 41. 

I Stone (Octavius) on his mientjottrtteya 

I in New aninea, 184. 
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•Stoney (O, J.) on the amplitude of 
waves of Iignt and heatj 31, *on 
acoustic analogues to motions in the 
molecules of gosos^ 31 , *on the 
atomicity of oxvgeu and on the con¬ 
stitution of bnBic salts, ()1) 
fttrath-Emck, Lougli ?s^ea8, Dr J. Brjcc 
on the granite of, H7 
•Stroudley (W) on commuiucations 
between pas^eugcis and guaids m 
railway trams, 2 i I 

*Struthera (Prof ), nn account of finger- 
muscles found in the Clropnlnnd light 
whale, 1(11, •all oi'Ooiint ol dissec¬ 
tions of tlie supposed jiidinKnitnry 
hind limb of the Greenland right 
whale, 103 

^Subaqueous locks, Major Jleaumont 
on the romoi al of, by the diamond 
rock-borer, 210 

•Siib-Wealden exjiluralion. Major lleau- 
TDont on the, 8/ 

• -J It ANdlctt oil the, 07 

•Sugar, T, L Paltcrson on, (17 

• -letining, J A 1? Newland^ on 

tho alum pioccss in, tKI 
•Sun, the eclipse of llie, ohsened at 
Siam m April 1873, Dr J Jall^>seu 
on, 40 

• Surface-watci <tf (lie ocenu, on tho ' 

specilic grai.ty of tho, as observed 
during the f nn-e of If M S ‘CJiallen- 
gor,' by J Y JUicliaiian, 181 
Surnames, tho Anglu umg and Gacdici- 
fiug of, II MacTv(»an on, 137 
•Swan (D ) on /me, (>D 
•Symons (G J ) on a new form of 
thermometer foi obseningearth tem¬ 
perature, 111, on an uumistakablo 
true noith compass, 41> 

Systemes de points maUiiels, V, Cerruti 
Hiir Ics mouvemuits ap«5n()dique8 des, 
12 , 

-de spheres et les de 

droites, Prof L Cremona sur len, 12. 

Tait (Prof P. G ), general theoiems 
relating to closed cunes, 211 

-(P. M.) on tho theoij and practice 

of accident insurance by sea and land, 
208 

•Taylor (J 1C ) on tho age, fauna, and 
mode of occuri cnco of the phosphonto 
deposits of the South of France, 00, 
'J'elescopes, equatorial, II Grubb on 
recent iraprovementa in, 37, 
Temperature/ the decrease of, with 
height on the earth’s surface, Pro£ 
Hennessy on, 39. 

the distribution over the 


British Islands; Prof, llonncasy on, 

30. 

Terpenes, C T. Kingzett on the limited 
oxidation of, 04 

• -, Dr W. A Tilden on the nitroso 

derivatives of the, 70 

•Tertiary basalt-rock dykes m Scotland, 
H .Jack on, 02 

Testings of largo objectives, II. Grubb, 
t»n the, 3(t 

Theoi \ of functions, elementary demon* 
stration of a fundamental prmciple of 
the, by Prof P Mansion, 26 * 

Thermooloctric phenomena, O J. Lodge 
on a mechanical illustration of, 43 

•Thermomrtor, a now deep-sea, J. Y, 
Dm hanan on, HI 

• -for observing ooith temperature, 

a new form of, G J Sjmons on, 
49 

Theta fum tiun ns a definite integral, J. 
W L Gliushei on n seiK's summa¬ 
tion leading to ail expresyion for tho, 
lo 

•Thomson (Di Allen) nil two skulls 
fr im the Andaman Idind^, 109 

• -(Prof J ) on ft theorem in the 

meiiHuration of coil am solids, 30, ex- 
peiimciitil illustration of tho origin of 
bindings of mors in ftUuvial plams, 
31 , onAuetuc units of force, energy, 
and pow cr, largei than those on me 
centimelre-grani-socond s}Ktom, 32, 
•on ndgv structure m cool, with sug¬ 
gestions fur accounting for its origin, 
IKt, •further illustratnme of the jomted 
prismatic structure m basalts and other 
igneous rocks, 06 

• - (lh*v R) on tho prevention of 

the pollution of nvera, 70, 210. 

-(i^rof Sir W ), Aildress by, to tho 

Mathematical aud Phj sical Section, 1; 
nil tho precession al motion of ft liquid, 
33, •tsocular liluMralion of the laws 
of the diffusion of liquids, 35, *on a 
iiL‘\\ CMM' of nutability of steady 
motn>n, 3 ), *00 tlie nutation of a 
solid shell Containing hqnid, 35 , •on 
compisfl (oneAion m iron ships, 46; 
•eflects of stress on the magnetization 
of non, 45, *011 contact electricity, 
45, *011 a practicil method of tuning 
a major third, 48; on a now form of 
astronomical clock with free pendulum 
and indopondontly govemoa uniform 
motion for e^apemont-wheel, 49; 
•physical explonatlou of the mackerel 
sky, 54; •on nav igational deep*4ea 
soundii^ in a ship moving at nigh 
speed, 04; •on naial signalling, 233, 
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ThomBon (W ) on tho growth of mildew 
in grey cloto^ 70 

Tidal iiperntioiiR in tho Oulf of Cutch, i 
Capt. A W I^ml on, 62 

-retardation argument for the ngn 

of the earth, J CroU on the, 88 

^Tilden (Ur, \V A ) on tho nitro-<o 
denvativoH of tho tei'peno^, 70, •pre¬ 
liminary note on a new iso-pnr])minr, 
70. 

’•‘Tune, S. Fleming on the conventional 
diviHiou ot, now in uwe, and on tht‘ 
de'^irffbihty of ftd*>ptiug common tiim^ 
over the globe for lailwaj s and Htenni- 
shipB, J82 

Tizard i(StAfr Oomniandor) on tho tem¬ 
perature obtained in tho Atlantic 
Ocean duiuig the (tuim? ot II Af S 
* Challenger, l8o 

Tort^nsoH, gigantic land, and a freshwater 
npeciew from tho Maltese ca\ern‘<, 
with obaei valioni on their tosnil f.uuia, 
by Prof A J^eitli Adams 

•Totemiem in fSeotlandm Instoiic Urn<‘s 
relitiH of, J iS Phent? on, 100 

Traill (W A ) on certain nre-c.irboni- 
ferous and metamoiyhoflcd trap-d> kt h, 
and the asaociatetl rocks of North 
Mayo, Ireland, 07 

• Tramway car, a pneumatic, W J) 
Hcott-MoncreiiTon, 238 

•Transformation of gravity^, J. (Voll on 
the, 30 

-of pendulum-tibrations R IF AF 

IFosanquet on the condition« of the, 
46, 

True intonation, illustrated by the \oiro- 
harmonium with natural hnger-boaid, 
40. 

Tullack (AV J on the boanhng-out of 
pauper children in hmgland, 20l» 

Turns, tra^elft in, in tlie foot»teps of 
Bruce, Colonel R. L. I^layfair on, 
183 

Turner (Rev. F. S ) On the statistics of 
the Indian cmium revenue, 210 

• - (th-of W ) on tha etruttum of 

the placenta in relation to the tln'ory 
of evolution, 163, 

•Turpentine, the action of pentoclilonde 
of phoaphorua on, Prof. Crum Brown 
on, 62, 

•ITpper Silurian rocks of Lesuiahagow', 
Dr. R. Slimon on th^ D6. 

Um from Chudleigh, Devon, W Pen- 
gfiUy on on, 16I>. 

•Vocuum'tap, C II Gimiuglmm on n 
now form of, 46 
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** Valorous’ expedition, the arenaceous 
Forammifora collected in the, Dr 
W B Carpenter on, 140. 

A^alnation ol property m Ireland, II. 

Jephson on the, 200 
Venadiuni, J Priestley on tho physio¬ 
logical action of, 16o 

-, L Larniuth on tho poisonous 

activity of, in ortho-, niela-, and pyro- 
vauadic acids, 166 

Vanation in thickness of tho middle 
Ooal-mensiirea of tho Wigan coal-held, 
C K De llance on tlie, 80 
•Vi^nus. photographies du passage de, 
ft Kobe, by Dr J Janssen, 40 
•Voltaic at tion, l*rofs Ayrton and Perry 
on the contact thiHiiy of, 42 

* - battery, a now, II AV Biggs on, 

62 

•Vortex rings, the rcRistauce encoun¬ 
tered by, and tho relation between 
the vortex ring and stroam-hues of a 
disk, Prof, O Iteynolds on, 31 

Walenn (W 11 ) on division-remaindcrB 
111 aritlimotic, 30 , *on Mr Sabine’s 
method of measuring small intervals 
of time, 62. 

NA'allace (A K ), Address by, to tho 
Biological Section, 100 
•Wunklyn (J A.) on tho effecta of the 
nnnoral siibstonee^ m drmking-water 
on tho health of tlie community, 163, 
•Ward (Fj on the prevention of frau¬ 
dulent iUtcralioiiH lu cheques, &c,, 70 
*AA'^attT,dnnking-, Prof VVanklyn on the 
elleets of mineral substances in, on 
tho health of the commmiity, 103 
•Waves, tho modification of the motion 
of, produced by fiuid fnctiou, Prof. J. 
Puiser on, 31 

* - of light and heat, G. J Stoney 

on the amplitude of. 31 
•Weldon (W ) on the means of sup¬ 
pressing olkah waste, 70. 

•Avhalo, the Greenland right, an account 
of dissections of the supposed rudi¬ 
mentary hind limb of, by Prof Stru- 
thers, 16.3, 

* -, -, an account of fingor- 

muscles found m, by Prof. iSlruthcrs, 
103 

Wharfo, the valley of the, Yorkshire, 
liev, E. Sewell on the dnfu and 
boulders of the upper part of the, 96. 
*WTnte-lead, J. Ferguason on, 63. 
•White Nile between Qondokoro and 
Appuddo, observations on the, by 
I^eut. W, IL ChippendoU, 182 . 
Wigan coal-field, C. E De Konce on 
22 
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the variataon in thicknefifl of the mid¬ 
dle Coal-measures of the, 8t). 
•WiUonson {k. M U.) on many-valued 
functiune, 30 , , u 

•WiUett (W II ) on the yub-\N caldeu 

exploration, 

•WifiisraB (J. E) on 6team-8hip rewat- 

ance. . 

Williamson (Prof W C ), recent re¬ 
searches into the orgam/ation of aomo 
of the plants uf the Coal-measures, . 
on some ot the physiological and mo^ 
phological features seen in the planna 
of the Coal-measures, 145 
Wmdinufl of rivers in alluvial ploinfl, 
expenmental illustralnm of the origin 
of, by Prof. J Thomson, 

•Woman, the oldest in Scotland, Oeiie- 
ral Sir J Alexander on, P)4 


•Wnght (I)r. 0. R A) on new cotw- 
nine denvatives, 70, on the alkaloids 
of tho aconites, 71. ^ ^ 

Wunsch (E A.) on the junction of 
grauito and old red sandstone at Come 
and Cleii Sannox, Arran, dS 

Young (Prof J ), Address by, to the 
Ge<dogical Section, 72, on the now 
coi^oa ID the lluntonan Museum, 147 

___ (J ) on siliceous sponges from tha 

Cai^oniierous limestone near (Glasgow, 

U9 

•Zinc, I) Swan on, (iU 
Zoology, I'rof A Newton’s Addrew to 
the Ilopartment of Botany and, 119 
*^sk’ra nana from Carnarvoiubire, A 
(1 More on, 144 
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PROCEEDINGS of the FIRST and SECOND MEETINGS, at York 
and Oxford, 1831 and 1832, Published at 13«. €(/. 

CoNTPNTs —Prof Airv, on the Piogrets of Astronomy J. VV Lubboek, on the Tides; 
—Prof Forbes, on the Present State of Meteorology,—Pi of Powell, on the Present State 
of the Seientc of llodnnt HeatProf Cumining, on Thermo-tlectnoiy Sir D, Brewster, 
on the Progress ot Optics;—Uev W* Wliewdl, on the Pre^nt Stale of Mineralogy i—ReT 
W. D, Conybeare, on llie Recent Progiess nnd Pie&ent Slate of Geology ;—Dr Prichard's 
Review of Philological and Physical Kewearches 

Together with Papers on Mathematic^ Optic**, Acoustics, Magnetism, Electi^icity, Chemistry, 
Meteorology, Geography, Geology, Zoology, Anatomy, Physiology, Botanyi and the Aria, 
and an Expoeitiou of the Objecta and Plan of the Asicciulion, &c. 

PROCEEDINGS of the THIRD MEETING, at Cambridge, 1833, 
Published at I2s. (Out oi Print ) 

CoNTPNTS .—•Proceedings of the MeetingJohn Tuyior, on Mineral Veins Dr. 
Llndley, on the Philosophy of Botany ,—Dr Henry, on tho Physiology of the Nervoua Sya- 
temt—P. Barlow, on the Strength of Materials ,—S. H Christie, on the Magnetism of the 
Earth}—Rev J Challii, on the Analytical Theory of Hydrostatics and Hydrodynamics;— 
Q, Rennie, on Hydraulics os a Branch of Engineering, Pan I Rev. 0. Peacock, on certain 
Branches of Analysis. 

Together with papers on Mathematics and Physics, Philosophical Instnimenu and Mecha¬ 
nical Aru, Natural History, Anatomy, Physiology, and History of Science. 

PROCEEDINGS of the FOURTH MEETING, at Edinburgh, 18S4, 
Published at IBs. 

CoHTKNTa —H. O Rogers, on the Geology of North America;—Dr, C Henry, on the 
Lave of ContagionProf. Clark, on Animal I^ysiology {-^Rev. L. Jenyns, on Zoology}— 
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R*t J Challitr on Capillary A(traohoii I—>Prof Lloyd, on FhyaJcal Optics ,—0 Rennie, on 
Hydraulics, Part II 

Together with the Transactions of the Sections, and Reconunendations of the Association 
and Its Cummittees 

PROCEEDINGS of the FIFTH MEETING, at Dublin, 1835, Pub- 
/uAed af 13a 6d 

Contents —Rev W Whcwell on the Recent Progress and Present CondiUon of the 
Mathematical Ihcories of LlectricUy, Magi etism, and Heat,— A Quctelet, Aper^u de 
1 Gtat actuel des Sciences Math^matiquca dies le» Beiges,—Capt h Sabine, on the Phe¬ 
nomena of Terrestrial Magnetism 

Fognthor uith the Transactions of the Sections Prof Sir W Hamilton i Address, and Re- 
rominendations of the Association and its Committi cs 


PROCEEDINGS of the SIXTH MELTING, at Bnstol, 1836, Pub- 
hshed at 1 2s 

Contents —Prof Daubeny, on the Present State of our Knowledge with respect to Mine¬ 
ral and Thermal Waters —Major E Sabiiu on the D rectlun and Intensity of the Terrestrial 
Magnetic Force in Scotland —J liichardaon on North American Zoology —Rev J Chatlls, 
on the Mathematical 1 heory of 1 luids — J f Mackay a Comparative View of the more 
remarkable Plants which characterise the iicigl bourhood of Dul hn and Ldmburgh, and the 
South west of Scotland &c —J T Mackay Compirative Geographical Notices of the 
more reuiarkat le Plants wh ch characterize Scoil ind and 1 rclatid —KejHirt of the London Sub¬ 
committee of the Medical Section on the Motions and Sounds of the Heart —Second Report 
of the Dublin Sub Cotnti ittee on the Motions and Sounds of the HeartReport of the Dublin 
Commiitce on the Pathology of the Brain and Nervous System — J \s Lubbock Account 
of the Recent DisrusMonsol Ob ertatuins of the lidcs —Rev B 1 owell on determining the 
RefVactive Indices for the Standard Riysofthe Solar Spectrum in various media —Dr Hodgkin, 
on the Com nunication 1 ttween the Arteries and Absorbents,—Prof Plnllips, Repi n of hxperi- 
raenU on Subterranean Tem| eraiure —Prof Ilan ihon on tbc Validity of a Method recently 
proposed by Q B Jeirurd for Transformii g and Resolving Equations of Llcvated Degreos 

Together with the Transactions oi the Sections Prof Daubeny's Address, and Recommerr* 
dations of the Asioctatioii and its Committees 


PROCEEDINGS of iue SEVENTH MEETING, at Liverpool, 1 
Pubhthed at i6«< (k/. 




CoMTENTi — Miyor F Sabine, on the Variations of the Magnetic Intensity ooserved a* ^ *- 
lerem poinU of the Earth i Surface j—Rev W Taylor on the various modes of Printing for 
the Use of the Blind —J W Lubbock, on the Discusaions of Observations of the Tideat— 
Prof T Thomson on the Difference between the Composition ot Cast Iron produced by the 
Cold and Hot Blast —Rev T R Robinson, on the Determination of the Constant of Nutation 
by the Greenwich Observations —K W. Fox, Experiments on the Llectriclty of MetaHie 
Veins, and the Temperature ut Mines —Provisional Report of the Committee of the Medical 
Section of the British Association, appointed to investigate ihe Composition of Secretions, and 
the Oigans producing them —Dr Q O Rees, Report from the Committee for inquiring Into 
the Analysis of the Glands, &c of the Human Body,—Second Report of the London Sub-Com¬ 
mittee of the British Association Medical Section, qnthc Motions and Sounds of the Heart t— 
Prof Johnston, on the Present State of our KnoMedge In regard to Dimorphous Bodies 
Lt«-Col Sykei on the Statistics of the Four Collectorates of Dukhun, under the British Go* 
vtmment —£ Hodgkioson, on the relative Strength and other Mfchanicsl PropertUs of Iron 
obtained from the Hot and Cold Blast —W talrbairn, on tha Strength and other Properties 
of Iron obtained from the Hot and Cold Blast —Sir J Robison and J S Russell, Report ol 
the Committee on Waves,—Note by Migor Sabine, being sn Appendix to his Report on the 
Variauons of the Magnetic Intensity observed at different Points of the Earth's hnrfttee| — 
J. Yates, on the Growth of Plants under Glass, and without any fVee communication with the 
outward Air, on the Plan of Mr M J Ward, of London. 

Togatbar with the Transactions of the Stedons, Prof. TrailPa Address, and Recornmendtir 
tient of the Assoelstion and its Committees. 

PROCEEDINGS OP thb EIGHTH MEETING, at Ncwcaaile, 1S8& 
PttUuAdd of 

CoMTKh vs .—Rev. W. ^ httrq^ Aceount of • X*«vei U0O, aHwif ed flroM tb« Rristot i ha^ 
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Ml to ibe Cngtiih Cbinnvl, by Mr Bum,—Rtport on the DiacuMioim of Tidee, prepared 
under the direction of the K«v \V Wbewell^—W S Harris, Account of the Progreae und 
State of the Meteorotogical Observations at Plymouth —Major [ Sabine, on the Magnetic 
Isotlinal and lBod)naiiMc Lines in the biitish Islands —D. L irdner 1 L D , on the Ucteimi* 
cation of the Mean Knnicric'il Values of Raiiuay Constants,—R Malkt tirsl Report upon 
bxjerlnitnti upon the \ction of Sea and River Water upon Cast and Wrought Iron ,— R 
Mallet, no the A< lion uf a Heat of 21 I ahr , when lung continued, on Inoigaiiic and Organic 
Suhstanres 

1 (igether with the rraniacilons of the Sections, Mr Murchison's Address, and Recommen¬ 
dations of the Association and its Comiuittces 


VltOCEEDINGS of the NINTH MEETING, at Binningham, 1839, 
Publt'^htd at 13s Gd. (Out of Punt) 

Conti NTS — Rev B Powell Report on tlip Present State of our Knowledge of Refractive 
Indices, tor tiie Standard Rtj s of tlie Sol ir SpcLtrum in diffVrent m^diB ,— Hepoi Cun the Ap¬ 
plication of the Sum assigned for fide Calrul Uions to Rev W Whewdl, in a Liiler from T G, 
Hunt, Lsq —H I I attin>«on, on some Oalvunic I xpernnents to delciminc the Lxistence or 
Non Existence ol Lleclrical Cun cuts among btr itiHed Rucks particularly tliu^ii. of the Moun¬ 
tain 1 imestone formitiun, const itutmg llio Lend Me surts uf Altun Muur,—Sir D Brewster, 
Reports respCLting the two senes of Hourly McUoiological Observations kept in bcotland 
Report un the subject of a hGr os ot R soitilioiis udoptt i by the Uiitibh Assormtion nt their 
Meeting in August 18^S at Newrnsilc R Owen Rtpurton British boshil Reptiles,—L. 
Forbes, Report on tiie Distnbuiion of Pulraoniferotis Mollusca in the British Isles —W, S 
Harris, Third Report on the Progress of the Houtly MetLorological Register at Plymouth 
Dockyard 

FogetUtr with the Transactions of the Sections, Rov W Vernon llarcourt's Address, and 
Recommendations ot the \ssociutiun and its Committees 


PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840, 
Published at 15 *. (Out o( Print ) 

CoKTENTS —Rev B Powell, Report on the recent Progress ofdiscovery relative to Radiant 
Heat, supplementary to a former Repoit on the same aubject inserted in thg 6r8t volume of tho 
Reports of the British Association for the Advuiiteinent of Science,—J D Forbea Supple¬ 
mentary Report on Meteorology,—^V S Harria, Report on Prof Wbewell s Anemometer, 
now in operation at Plymouth —Report on The Motion and Sounds of the Heart,' by tho 
London Committee of the British Aasuciatiun, for 1839-40,—Prol Schunbein, an Account of 
Researches in 1 lectio Chemistry,—K MjHcC, Secund Report upon tho Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Iron and bttcl ,—K W Fox, Report on some Observations on Subterranean Tem¬ 
perature —A F Osier Report on the Observations recorded during the years 1837, 1838,1839, 
and 1840, by the Self-registenng Anemometer erected at the Pbilosophicid Institution, Bir¬ 
mingham ^Ir D Brewster, Report respecting the (wo Senes of Hourly Meteorolugical Ob¬ 
servations kept at Inverness and Kingusslej-lVom Nov Ist, 1818 to Nov Ist 1839 —W. 
Thompson, Report on the Fauna of Ireland Ulv Frrtchruta —C J B Williams, M D,, 
Report of Expeiinients on the Physiology of the Lungs and Air-Tubes —Rev J S Henstow, 
Report of the Committee on the Preservation of Animal and Vegetable Substances 

Together with the Transactions of the Sections, Mr Murchison and Migor B. Sabine's 
Address, and Uecommendstious of the Association and its Committees. 


PROCEEDINGS or the ELEVENTH MEETING, At Plyiiioutb, 
1841, PuhUshtd at 13». t>d. 

Contents —Rev P, Kclland, on the Preaent state of our Theoretical and Expenmental 
Knowledge of the 1 aws of Conduction of Heat j—O L Roupetl, M D , Report on Folsoni;— 
T, O. Bunt, Report on Dlicusilnna of Bristol Tides, under the direction of the Rev. W. WhewcU| 
—D* Ross, Report on the Discussions of Lettb Tide Observations, under the direction of (he 
Rev. W. Wbewell t—W. 8. Harris, upon the working of WhcwelPs Anemometer at Plymoqttl 
during tbe past yearReport of a Commutee appointed for the purpose of superintend* 
Ing the tciantiBc cooperation of the Britiah Aasociation in the System of Simultaneous Obsar- 
vi^ona In Terrestrial Magnetism and Meteorology .—Reports of CoromlUtts appointed to pm- 
vH* Meteorologioal Instruments for the use of M. Agaaels and Mr. M'Cord t—Report of« Com* 
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mktee to lupsnntend th« reduction of Meteorological Obaemtionaj—Report of a Com* 
mittee for revising the Nomenclature of the Stare Report of a Committee for obuining In* 
■trumenti and Registers tn record Shncks and Earthquakes in Scotland and Ireland {^Report of 
a Committee on the Preservation of Vegetative Powers \n Seeds;—Dr Hodgkin, on Inquiries 
Into the Races of Man ;~Report of the Committee appointed to report how far the Desiderau 
in our knowledge of the Conduion of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of such Experi¬ 
ments, and to draw up Directions for Observers in such circumstances ,—R. Owen, Report 
on British Fossil Reptiles ,—Heporls on the Determination of the Mean Value of Railway 
Constants D. Lardner, LL D , Second and concluding Report on the Determination of the 
Mean Value of Railway Constants,—E Woods, Report on Railway ConstantsReport of a 
CommiCtec on the Construction of a Constant Indicator for Steam-Engines 

Together with the Transactions of the Sections, Prof WbeweU's Addreu, and Recommen¬ 
dations of the Association and its Committees. 


PROCEEDINGS op the TWELFTH MEETING, at Manchester, 
18^^% Published at lOd. 8d, 

Contents —Report of the Committee sppointed to conduct the cooperation of the British 
Association In the System of Si in uUsneous Magnetica) and Meteorological Observational— 
J Richardson, M.D., Report on the present State of the Ichthyology of New Zealand i—> 
W, S Harris, Report on the Progress of Meteorological Observations at Plymouth i— Second 
Report of a Committee appointed to make Experiments on the Growth and Vitality of Seeds ; 

.—C. Vignoles, Report of the Committee on Railway Sections ,—Report of the Committee 
for the Preservation of Animal and Vegetable Substances Lyon Playfair, M D., Abstract 
of Prof Liebig's Report on Organic Chemistry applied to Physiology and Patltology t— 
R. Owen, Report on the British Fossil Mamraaha, Part L,—R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants,—L, Agassis, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone;—W, Fairbairn, Ap¬ 
pendix to a Report on the Strength and other Properties of Cast Iron obtained from the Hot 
and Cold Blast |—D Milne, Report of the Committee for Hegiitering Shocks of Eorthquaket 
in Great Britain Report of a Committee on the construction of a Constant Indicator for 
Steam-Engines, and for the determination of the Velocity of the Piston of the Self-acting En¬ 
gine at dl&rent periods of the Stroke }—J S. Russell, Report of a Committee on the Form of 
Ships Reporter a Committee appointed **to consider of the Rules by which the Nomencla¬ 
ture of Zoology may be esiahlUhed on a uniform and permanent basis ("—Report flfa Com¬ 
mittee on the Viul Statistics of large Towns In ScotlandProvisional Repotta, and Notices 
of Progreu In special Researches entrusted to Committees and Individuals 

Together with the Transactions of the Sections, Lord Francis Egerlon’s Address, and Re- 
cum mriid a duns of the Association and its Coromittees, 

PROCEEDINGS of the THIRTEENTH MEETING, at Cork, 
1843, P^dflUhed at 

CoNTKNTSi—Robert Mallet, Third Report upon the Action of Air and Water, whether 
Iresh or salt, clear or foul, and at Various Temperatures, upon Cast iron, Wrought Iron, and 
Steel 1 —Report of the Committee appointed to conduct the Cooperation of the British As- 
sociatlon in tiie System of Simultaneous Magnetical and Meteorological Observations ,—Sir 
J, F. W. Herschel, Bart, Report of the Committee appointed for the Reduction of Meteoro¬ 
logical Observations;—Report of the Committee appointed for Experiments on Steam- 
Engines;—Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds;—J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the Eaat Coast of Scotland;—L S. Russell, Notice of a Report of the Cominiliee 
on the Form of Ships;—J. Blake, Report on the rhyiiological Action ot Mediclnea,—Report 
of the Committee on Zoological Nomenclature,—Report of the Committee for Regiatering 
the Shooks of Earthquakes, and makfng^such Meteorological Obeervatioas as enay tppoar to 
them desirable;—Report of the Committee for conducting Experiments with Captive ^lloonai 
—Prof. Wheautone, Appendix to the Report;—R^rtofibe Committee for tne Tranelatlcm 
and F sbltcation of Foreign Sdentlflo Memolrt;—C. W. Peech, on the Habits of the Marine 
Testaiiea Forbes, Report on the Mollusca and Radiata of the jEgean Sea, and on thelt 
dlstiibutlmi, considered aa beating on Geology L. Agassis, Synoptical Table of British 
FbssU Fiahes, arranged in t^e order of the Oeot^eal FormatlooeR, Owen, Report on the 
Britiah Poasil Mammalia, Fart 1!«W. BInney, Report on the exeavatitm m^e at tho 
faction of the Lower New Rod Sondstoot wRb the Cool Mmaures at Collybaret 
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T1ioinp»on, Report on the Fauna of Ireland i Div. Jwtritbrdim ;—ProvUtonal Reporli, ind 
Nollcea of ProgrcM tu Special Reiearchet entruated to Comn^iiteei and Individuala. 

Together with the Tratuactloni of the Sectlont, Earl of Route's Address, and Recommeii- 
dailons of the Association and Its Comorilttcea. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1844, 
2^tU>iiahed af £ 1. 

CoNTCNTi.—-W B Carpenter, on the Microscopic Structure of Shells ,—J. Alder and A. 
Hancock, Report uti the British Nudibrancliiate Mollusca,—R. Hunt, Reaearchea on the 
Influence of Light on the Germination of Seeds and the Growth of Plants,—Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
StaiB ,—Lt *00]. Sabine, on the Meteorology of Toronto In Canada ,—J filackwall. Report 
on some recent researches into the Structure, Functions, and Economy of (he /iraneidfn 
made In Great Britain Earl of Rosse, on the Construction of largo Kcflerting Telescopes; 
—Rev W V Harcouit, Report on a Gas-furnace for Experiments on Vitrifaction and other 
ApplUations of High Heat in the Laboratory.—Report of the Committee lor Registering 
Earthquake Shocks in Scotland .—Report of a Cuiiimittee for Experiments on Steam-Engines; 
—Report of the Committee to investigate the Varieties of the Human Race Fourth Report 
of a Committee appointed to continue their Experiments on the Viltlity of Seeds,—W, hair- 
bairn, on the Consumption of Fuel and the Prevention of Smoke ,—F Ronalds, Report con¬ 
cerning the Observatory of the British Association at Kew,—Sixth Report of the Committee 
appointed to conduct the Cooperation of the HrttiBh Assoiiahon in the System of Simulta¬ 
neous Magnetical and Meteorological Observationi,—Prof Forchbammer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamurphiam in general, and par¬ 
ticularly the Metamorphosis of the Scandinavian Alum Slute,—H K Struklaml, Report on 
the recent Progress and Present Slate of Ornithology,—T Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland ;—Pi of Owen, 
Report on the Extinct Mammals of AuBtrnlia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Maistipial Representatives of the Order 
Paciiydermata W S, Harris, Report on the ^sorking of Whcwell and Osler'a Anemomrtera 
it Plymouth, for the years 1841, 1842, 1843 ,—W, R, Birt, Report on Atmospheric Wave|| 
—L. Agassis, Rapport sur les Poissons Fossiles de PArgile de Londres, with translation ,—j. 
S. Russall, Report on Waves j—Pioviiional Reports, and Notices of Progress in Special Re^ 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely’s Address, and Recommenda- 
dons of Che Aasociatlon and its Committees. 

PROCEEDINGS of the FIFTEENTH MEETING, at Cambiidge, 
1845, Published at 12f» 

CoMTBNTSt—Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association In the System of Simultaneous Magnetical and Meteorological Observa- 
t)ons f —Lt.-Col. Sabine, on sonne pointi In the Meteorology of Bombay ,—J. Blake, Report 
on the Physiological Actions of Medicines ,—Dr. Yon Roguslawski, on the Comet of 1843t 
—R. Hunt, Report on the Actlnograph;—Prof, Schflnbein, on Oxone,—Prof Erman, on 
tlte Influence of Friction upon Thermo-Electricity,—Baron SenBcnberg, on the Self- 
Regtstering Meteorological Inatruroenu employed In the Observatory at SenBenberg;— 
W, Rf Blrt, Second Report on Atmospheric Waves;—O. R. Porter, on the Progress and Pre- 
#tut Extent of Savings* Banks In the United Kingdom t^Prof. Bunsen and Dr. Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of Sonelting 
ef front—Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan}— 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege¬ 
tables ;—FlRh Report of the ComraUtee on the ViialitV of Seeds.—Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. HersohePa Addreas, and Re- 
eemmendatiooa of the Association and its Committees. 

PROCEEDINGS op the SIXTEENTH MEETING, at Soul^airptcn, 

1846* Published at 15#. 

CoNTCNTS.'— G. O. Stokes, Report on Recent Retearcbca In Hydrodynamics;—Sixth, 
Report of the Committee on the Vitality of Seeds i—Dr. Schunck, on the Colouring Matiera of 
tlladdert^. Blake, on the Physiological Action of Medklties;—R. Hunt, Rc|orton the Ac* 
tinefrapfa f^R. Hont, NoUcta on the Influence of LIgbc on the Orowtki of Pkniap^E L. 
IRlls, on the Recent Progress of Anslyaist^Prof. Forchbammer, on Comparative Analytkal 
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Ret«archei on Se* Water i—A. Ermant on the CalLulation of the Gauuian Constaiiti fof 
1829,—Q ft. Porter, on the Progreai, present Amoiint, and probable future Condition of the 
Iron Manufacture in Great tintuin ,—W ft Birt, Third Report on Atmospheric Warea;— 
Prof, Owtn, fteport on the Archetype and Homolo^iei of tJic Verlcbiate Skeleton 
J. Phillips, on AnemometryJ, Percy, M D., Report on the Cryatolline Fla^fs,—Addenda 
to Mr Birt'a Report on Atmospheric Waves. 

Together vvith the Transoclions of the Settions, Sir R I. Murchison's Address, and Re¬ 
commendations of the Association aiiu lU Committees. 

PROCEEDINGS or the SEVENTEENTH MEETING, at Oxford. 
1 Published at 1 8s. 

CoMTENTS —Prof Langberg, on the Specific Gravity of Sulphuric Acid nt different de¬ 
grees of dilution, and on the relation whuli exists betv'cen the Development of Heat and the 
coincident contraction of Volume In Sulphuric Acid \^ben mixed with Water;—Ic Hunt, 
Researches on the Influence of the Solar Rays ou the Growth oi Plants,—R Mallet, on 
(he Fucu of Earthquake Flieiiomena,—Prof NiHson, on the Primitive laliabitants of Scan¬ 
dinavia;—W Ilopkini, Report on the Geological Theories of blevution and Earthquakes, 
—*Dr. W, B Carpenter, Report on the Microscopic Structure of Shells,—Rev W Whewell and 
Sir James C Ross, Report upon file Keconimendatlon of an Expedition for the purpose of 
completing our knowledge of the Tides;—Dr Schunck, on Colouring MattersSeventh Re¬ 
port of the Coinnrilttce on the Vitality of Seeds,—J Glynn, on the Turbine or Hoiizonial 
Water-Wheel of Fiance and Germany,—Dr R Q Latham, on the present state and recent 
progress of Etiiiiugrapliknl Philotogy ,—^Dr J C Pilchard,on the various niethcHU of Research 
which contnbute to the Advancement ol Eilmology, and of the rclntioni of that Science to 
other branches of Knowledge,—Dr C C J Bunsen, on the results of the rect nt Egyptian 
researches in reference to Asiatic and Afiican Ethnology, and the Classification of Languages; 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Cchic Dialects still extant,—Dr Max Muller, on the Relation of the Bengali to the 
Arian and Ahorigmal Languages of fndia,—W R Birt, Fourth Repoit on Atmospheric 
Waves,—Prof W H Dove, Temperature Tables, with Introductory Kemaiks by LlenU-Coh 
^ Sabine ,—‘A Ernian and 11. Petersen, Third Report on the Calculation of the Gaussian Con¬ 
stants for 1620. 

Together with the Transactions of the Sections, Sir Robert Harry Inglls’s Address> and 
Recomraendations of the Association and its Committees. 

PROCEEDINGS or the EIGHTEENTH MEETING, at Swaiwea, 

1848, Published at 9s. 

CoNTKMTS*—Rev. Prof. PoweU, A Catalogue of Observatlont of Luminous Meteors;-— 
J Glynn on Water pressure Engines;—R. A. Smith, on the Air and Water of Towns,—Eighth 
Report of Committee on the Growth and Vlialuy of Seeds,—W R, Birt, Fifth Report ou At¬ 
mospheric Waves,—E Schunck, on Colouring Matters,—J P Rudd, on the advantageous use 
made of the gaseous escape from the Blaot Furnacea at the Ystalyfera Iron Works;—R. Hunt, 
Report of progress hi the investigation ftf the Action of Carbonic Arid on the Giowtb of 
plants allied to those of the Coal Formations,—Prof H W. Dove, Supplement to tlie Tem¬ 
perature Tables printed in thr Report of the British Association for 1847 ,—Remarks by Proil 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard toCUmatology deducible from them; with an in* 
troductory Notice by Lt-Col E Sabine,—Dr Daubeny, on the progress of the Investigation 
on the Influence of Carbonic Acid on the Growth of Ferns;—J Phillips, Notice of farther 
progreti In Aaemornetncal Researches;—Mr Mallet’s Letter to the Assistant-General Secre¬ 
tary;—A* Rrman, Second Report on the Gaussian ConstantsReport of a Committee 
relattv* to the expediency of recommending the continuance of the Turunto Magnetjcal and 
Mateorelogleal Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s Addres*, 
and Htdadona of the Association and lu Committees. 

PROCEEDINGS of thb NINETEENTH MEETING, at Birtfalngbam, 

1849, P%A69hd ci 10#. . .. . 

CoMTBMTs I—Eev. Prof. PoweU, A Catalogne of Observations of Luminous Meteors 
of Roesc, NoBoe df KabuUi lately observed In theSia*(eet RtfleetorProf. Daubeny, ou iRe 
Ynfluenci of CarbouU Add Oat on thtlitalih of Plants, etpedaUy of those allied to the PosW 
found hi Uu Cod FormatWn Ahdeews, Bepori on Uia Heat of Confolmtioo i 
^'-Ifoport of tbo Conodtiei on the RegWivadoft of tho PedodW Phenomena of Pibunts-and 
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Antmati I—^Mlnth Report of Committee on Bxptrimenu on the Growth and Vitality of 9eedt t 
—P Ronalds, Report concernlnjt the Observatory of the British Association at K«w, fVom 
Aug 9, 1848 to Sept- 12, 1849, — R, Mullet, Report on the Experimental Inquiry on Railway 
Bur CorrosionIV. R Birt, Report on the Discussion of the Electrical Observations at Kew. 

Together with the Transactions of the Secttons, the Rev T. R Robinson’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS o? the TWENTIETH MEETING, at Edinburgh, 
1850, Published at 15i. (Out of Print.) 

Contents —R Mullet, First Report on the Facts of Earthquake Phenomena;—Rev Prof, 
Powell, on Observations of Luminous Meteors,—Dr. T. Williams, on the Structure and 
History of the British Annelida,—T. C. Hunt, Results of Meteorological Observations taken 
at St Michael's from the Ist of January, 1840 to the 31st of December, 1849;—R Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations;—Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds,—MaJor*Gen« 
Briggs, Report on the Aboiiginal Tribes of India;—F Ronalds, Report concerning the Ob¬ 
servatory of (he British Association at Kew;—B Forbes, Report on the Investigation of British 
Marine Zoology by meiins of the Dredge,—R, MacAndrew, Notes on the Dlstnbution and 
Range In depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por¬ 
tugal, Barbary, Malta, and Southern Italy in 1849,—Prof Allman, on the Present State of 
our Knowledge ol the Freshwater Potyxoa;—RegistrsDon of the Periodical Phenomena of 
Plants and AninmU;—SuggesUons to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851 

Together with the Transactions of the Sections, Sir David Brewster's Address, and Recom¬ 
mendations of the AsiocisCton and its Committees* 

PROCEEDINGS of the TWENTY*FIRST MEETING, At Ipiwich, 
1H5I, Publish^ at 16f« 6d. 

Contents: —Rev Prof Powell, on Observations of Luminous MeteorsEleventh Re¬ 
port of Committee on Experiments on the Growth and Vitality of SeedsDr J Drew, on 
the Climate of Southampton ;—Dr. R. A Smith, on the Air and Water of Towns i Action of 
Porous Strata, Water and Organic Matter,—Report of the Committee appointed to consider 
the probable BilbcU in in Etonomlcal and Physical Point ofView of the Destruction of Tro¬ 
pical Forests i—A Henfrey, on the Reproduction and supposed Existence of Sexual Organe 
fn the Higher Cryptogamous Plants;—Dr Daubeny, on the Nomenclature of Organic Com¬ 
pounds,—Rev Dr Donaldson, on two unsolved Problems In Indo-Oerman Philology;-^ 
Dr. T, Williams, Report on the British Annelida,—R. Msllet, Second Report on the Facts of 
Earthquake Phenomena;—Letter hrom Prof. Henry to Col Sabine, on the System of Meteoro- 
logtcal Observadons proposed to be established In the United States,—Col. Ssblne, Report 
on the Kew Magnetographs J. Welsh, Report on the Performance of hU three Magneto- 
0 aphi during the ExperinienUl Trial at the Kew Observatory ,—P Roni s, Report concei n- 
ing the Obtervarory of the British Assodadon at Kew, from September IS, 1850 to July 31, 
1851 V —Ordnance Survey of Scotland 

Together wUh the Transactions of the Secdoni, Prof. Airy’s Address, and Recoin- 
memUdoni of the Association and its Committees. 

PROCEEDINGS or the TWENTY-SECOND MEETING, at Belftwt, 
1852, Pubhthed at I5e* * , 

ContANTa I—R. Mallet, Third Report on the Facta of Earthquake Pheiiomenat—^walfth 
Report of Committee on Experimenu on the Growth and Vitality of SeedeRev, Fr»C 
Powell, Report on Observations of Luminous Meteors, 1851-53;—Dr. Qladstonr, on the In* 
flucDce of (hi Solar Radlarions on the Vltol Powers it PlantsA Manual of Etboological 
Inquiry Col. Sykes, Mean Temperature of the Day, and Mnaihly Fall of Rain at 1S7 Sta¬ 
tions ondtr (be Bengal Presidency ; — Prof. J. D. Porbes, on Experiments on the Laws of tl)g 
CoDdoedon ofHeat;—R. Hunt, on the Chemical Acdon of the Solar HadUtions^-^Ur. Hodfgg, 
on the Compoaldon and Reoiioaiy of the Flax Plant ;^W. Thompson, on Che Frashwattr 
PUbat of Ulster;—W, Thompson, Supplementary Report on the Favmaoriretandt—W. 
onRw Mataorology of Birmingham;—^. Thonwosi, oa ike Vhrtea-Water-Whael B. Lawee 

and Dr* OBbert, oa the Conporithm of Fooda be reladoo to Reepiratioa and F ead tb g pf 
Aftiaail** 

Tofe tbor with tha Traouctlons ef tha Sadloas, GPlonsd Sabiat^s Addraai, aAd Beeaim 
gWB Wft ttpof the AmacUUoti and Ua Cm o m l tte ti. 



PROCEEDINGS of trb TWENTY-THIRD MEETING, at Hull, 
1853, Published at IOf. 6^* 

Contents I—Rer. Prof Powell, Report on Obtervstions of Lamlnoui Meteors, 1652-53 | 
-—James Oldbsni, on the Pliyiical Features of the Humber,—James Oldham, on the Rise, 
Progress, and Present Posuton of Steam Navigation In Hull,—WlUinm Falrbalrn, Experi¬ 
mental Researches to determine the Strength of Locomotive Boilers, and the cauaes which 
lead to Explosion,—J. J Sylvester, Provisional Report on the 1 beory of Determinants 
Profeisor Hodges, M.D , Report on the Gases evolved m Steeping Flax, and on tlie Composition 
and Economy of the Flax Plant,—Ihirteenth Hepoit of Committee on Experiments on the 
Growth and Vitality of Seeds,—Hubert Hunt, on the Chemical Action of the Solar Radiations j 
—John P Bell, M D., Observations on the Character and Measurements ol Degradation of the 
Yorkshire Coast, First Report of Conunlttee on the Physical Character of the Moon's Sur¬ 
face, as compared with that of the Earth,—K Mallet, Pruviilonul Report on Earthquake 
Wave-Transits, and on Seismomrtrical Instruments]—William Fairhairn, on the Mechanical 
Properties of Metals at derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ,—Robert Mallet, Third Report on the Facts ot Earth¬ 
quake Phenomena (continued) 

Together with the Tranbaction^ of the Sections, Mr Hopkins’s Address, and Recommenda¬ 
tions of the Association and its Coinmittees. 


PROCEEDINGS of the TWENTY-FODllTH MEETING, at Liver- 
pool, 1854, Published at 18f. 

Contents —R Mallet, Third Report on the Pacts of Earthquake Phenomena (continued) j 
—Major-General Chesney, on the Construction and General Use of Efficient Life-Boats,—Rtv, 
Prof. Powell, Third Report on the present State of our Knowledge ol Radiant Heat,—Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories,— 
Colonel Portlock, Reporter the Committee on Earthquakes, with their proceedings respecting 
Seismometers,—Dr Gladstone, on the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2;—Rev, Prof Powell, Report on Observations of Luminous Meteors, 1853-54 ; 

Second Report of the Committee on the Ph}sical Character of the Moon’s Surface \—W O. 
Armstrong, on the Application of Water Pressure Machinery ,—J B Lawes and Dr Gilbert, 
on the Equivalency of Starch and Sugar in Food —Archibald Smith, on’the Deviations of the 
Compass In W'ooden and Iron Ships,—Fourteenth Report of Committee on Experiments on 
lh< Growth and Vitality of Seeds 

Together with the Transactions of the Sections, the Earl of Harrow by’s Addiess, and Re* 
eemmendatlons of the Association and Its Commitlcea. 

PROCEEDINGS of the IWENTY-FIFTH MEETING, at Glaagow, 
1855. Publuhedat 15«. 

Contents —T. Dobson, Report on the Relation betnern Explosions in Coal-Mines and 
RevoWing Storms,—Dr Gladstone, on the Influence of the Solar Radiations on the Vital Power* 
of Plants growing under diflbrent Almoapheric Conditions, Part 3,—C. Spence Bate, on the 
British Edriophthalma j—J F. Bateman, on the present state of our knowledge on the Supply 
of W Iter to Towns ,—Fiftetnih Report of Commliue on Experiments on the Growth and 
Vitality of Seeds Rev Prof. Powell, Report on Observations of Luminous Meteors, 1854-55 f 
—Report of Committee appointed to ^inquire Into the best means of ascertaining those pro¬ 
perties of Metala and effects of various modes of treating them which are of Importance to the 
durability and efficiency of Artillery,—Rev Prof Henslow, Report on Typical Objects In 
Natural History t—A. Pollett Osier, Account of the Self Registering Anemometer and Baln- 
Qauge at the Liverpool Observatory ;—Provisional Reports 

Together with the Transactions of the Sections, the Duke of Argyll's Address, and Rccom* 
■sendations of the AMOclalion and iu Commltteea. 


PROCEEDINGS or the TWENTY-SIXTH MEETING, at Chel¬ 
tenham, 1856, PubUshed at 18f. 


CoNTSMTa t—Report IVom the Committee appointed to Investigate and report upon tha 
effbets produced noon the Channels of the Mersey by the alterations which within the last 
Afty yean have b sn made in Us Bankst—J. Thomson, Interim Report on progress In Rt- 
acarenes on the Measurement off Water by Weir Boards]—Dredging Report, Frith of Clyde. 
ISAAi—Rev. B. Powell, Report on Ghservationa of Luminous Meteors, 1855-1856 
Bunsen and Br. H, E. Roseot, PbotochemTcal Reeearchos t—Rev. James Booth, on the Trigo- 



IX 


on the Mftttne Tteltceout MoUuKa of the Murth>«ab( Atlnudc and Neighbouring S«m# and 
the pfay»)cal coiiditlone affbcling their development}—1\ P Carpenter, Report on the preient 
atate of uur knowledge with regard to the Motluaca of the Went Coast of Noith America,-— 
T. C Kytun, Abstract of tirst Report on the Oyster Beds and Oysters of the British Shores| 
——Prof Phillips, Report on Cleavage and Foliation In Rocks, and on the Theoretical P^xpla* 
nations of thebe Phenomena Part J*—Dr T Wright on the Straligraphical Distiibution of 
the OoliliL Kchinodcrmata ,—^W. Fairbalrn,on the Tensile Strength ot Wrought Iron at varioiva 
Temperatures [—C Atherton, on Mercantile Steam 1 rain>purt Econumy J S Bowerbank,on 
the Vital Powers of the SpongiadEs,—Report of aComintttee upon the l.xpermientscomluclcd 
at Stormoiiifleld, near Perth, (or the artiAciul propagation of Salninn ,—Pruvimondl Report on 
the Measurement of Ships for Tonnage —On Typual Forms of Mmeials, Plants and Animals 
for MuseimisJ« ThomsoO} Interim Report on Progrihs in Resiurcliet on the Measure- 
meiil of Water by Weir Boards;—R Mallet, on Observations with the Seitoinomeler,—A, 
Cayley, on the Progress of Theoretical Dynamics,— Report of a Coninmtee appointed to con. 
■Ider the formation of a Catalogue of Philuaophical Memoirs 

Together with the Transactiona of the Sections, Dr. Uaubeny’s Address, and Recom¬ 
mendations of the Associsition and Its Committees. 


PROCEEDINGS of the TWENTY-SEVENTH MEETING, at 


Dublin, 1857, Published at 15*> 


Contents —A Cayley, Report on the Recent Progress of Theoretical Dynamics ;—SI^ 
teenth and 6nal Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
—James Oldham, C E , continuation of Report on Steam Navigation at Hull,—Report of a 
Commitlee on the Defects nt the present methods of Measuring and RtgUtering the Tonnage 
of Shipping, as also of Marine Englne-Puwcr, and to frame more perfect rules, In order that 
a correct and uniform principle may be adopted to esUiiiute the Actual Currying Capabilities 
and Working-Power of Steam ShipsRobert Were Pox, Report on the Temperature of 
some Deep Mines in Cornwall;—Dr. O. Plarr, De quelques Transformations de la Suinnie 
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a dtant entier ndgatif, et de quelquei cas dans lesquels ceite toronie 


cat exprimabte par une comblnalson de factorielles, la notation ddsignant le produit dea 

t facteurs a (a+1) (a+i) • (a-ff — I),—G Dickie, M D , Report on the Marine Zoology 

ofStrangford Lough, County Down, and corrcNponding part of the Irish Channel,—Charles 
Atherton, Suggestions for Statistical Inquiry Into the extent to which Mercantile Steam Trana- 
port Economy is affected by the Constructive Type of Shipping, as respects the Proportions of 
Length, Breadth, and Depth,—J S Bowerbank, Furthtr Repoit on the Vitality of the Spon- 
giadse ;—John P. Hodges, M.D., on Flax;—Major General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain;—Rev Baden Powell, Report on Observations of 
Luminous Meteors, I856-A7 ;—C.Vignoles, C E.,on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trains;—Professor W, A Miller, M.D,,on Clcctro-Chemutryj 
—John Simpson, R.N , Results of Thermdmetrii al Observations made at the * Plover's ’ 
WInterIng-pIace, Point Barrow, latitude 71° 21'N , long 156° 17'W , in 1852-54 v—Charles 
James Hargreave, LL D., on the Algebraic Couple; and on the Equivalents of IndetermlDaic 
ExpressionsThomas Grubb, Report on pie Improvement of Telescope and Equatorial 
Mountings,—Professor James Buckman, Report on the Experimeniat Plots lu the Botanical 
Garden of the Royal Agricultural College at Cirencester,—W illiam Fairbaim, oq the Resistance 
ofTubei to Collapse ;—George C Hyndman, Report of the Proceedings of the Belfiist Dredging 
Committee t—Peter W. Barlow, on the Mechanical Effbct of combining Girders and Suspen¬ 
sion Chains, and a Comparison of the Weight ofMctaLln Ordinary and Suspension Girders, 
to produce equal deflections with a given load,—J Park Hamson, M A , Evidences of Lunar 
Influence on TemperatureReport on the Animal and Vegetable Products Imported into 
Liverpool fVom the year 1851 to 1855 (inclusive);—Andrew Henderson, Report on the Sta¬ 
tistics of Life-boats and Flshmg-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lloyd's Address, and Recommen¬ 
dations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Pubiished at 20$. 

CoNTKNTf*—R Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe¬ 
nomena Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-56 ^—R. If* 
Meade, on somo Points in the Anatomy of the Araneidea or true Spiders, especially on iho 
lr;temai structure of their Spinning Organs i—W. Fairbalrn, Report of the CommHteo on tl e 
Faieut Laws)^, £4dy, on iho {.end Mining Districts of Yoikshlre ,^W. Fairbalrn, on tbo 
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Collapte of Gloji Olobei and Cylinders i—Dr E Perceval Wrlglit and Prof. J Reay Oreene» 
Report on the Marino Pauna of the South and We^t Goaiitii of Ireland,—Prof. J, Thomson, un 
Experimonu on the Measurement of Water by Triangular Notches in Weir BoardsMajor’* 
Generdl Sabine, Report of the Committee on the Magnetic Survey of Great Britain,—Michael 
Connal and William Keddie, Report on \nimal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years Ifl'iS, 1854,1855,1856, and 1857 -Report of lha CominiUee on Ship¬ 
ping StRtiatiCh,—Rev H [,loyd, D D , Notice of the Instrument* employed in the Mag¬ 
netic Survey of Ireland, with some of the Rcsiilrs,—Prof J R Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58 ,—Prof J R Kinnhun, Report on Crustacea of Dub¬ 
lin District,—Andrew llendcrson, on River Steamers, ihtirForm, Construction, and Fitting), 
with reference to the necei^iiiiy tor improving the present means ot Shallow-Water Navigation 
on the Rivera of British India,—George C Hyiidman, Report of the B/ Ifast Dredging Com¬ 
mittee i—-Appendix to Mr Vignukt’a paper** On the Adaptation of Suspciuiion Bridges to sus¬ 
tain the passage of Railway Trains,”—Report of the Joint Committee of the Royal Society and 
the British Assoil ition, for procuimg a roniinuante of the Magnetic and Meteorological Ob- 
tcrvaiorlesR Becktey, Description ot a Selt-recording Anemometer. 

Together with the rrunsactiona of the Sections, Prof Owen’s Address, and Recommenda¬ 
tions ol the Association and its Committees 

PROCERDINGS OP TiiK TWENTY-NINTH MEETING, at Aberdeen, 

September 185f), Published at 15^. 

Contents I— George C Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry J—Professor Huckmau, Report on the Orovxth of Plants in the 
Garden of the Royal Agricultural College, Cirenievier,—Dr A Voeicker, Report on Field 
Experiments and Laboratory UeseariKes on the Constituents of Manures essential to cultivated 
Crop* A. Thomson, Esq , of Banchory, Report on the Aberdeen InduMtrial Feeding Schools; 
—On the Upper Silurians of Lesmahago, Lanarkshire ,—Alphonse Gages, Report on the Re¬ 
sults obtained by the Mechinlco Chemical Examinution of Rocks and Minerals j—William 
Fuirbairn, Experiments to determine the Efliciency of Continuous and Self acting Break* ior 
Railway Trains,—Professor J. R Kinahan, Report of Dublin Bay Dredging Committee for 
1858-59,—Rev Buden Powell, Report on Observations of Luminous Meteors for 1858-59; 
—Piofessor Owen, Report on a Series of Skulls of various Tribes of Mankind Inhabiting 
Nepal, collected, and presented to the Briii«h MuRCum, by Bryan 11 Hodgson, Esq ,iat© Re¬ 
sident In Nepal, &c, &c {—Messrs, Ma^ikelyne, lUdow, llardwich, and Llewelyn, Report on 
the Present State of our Knowledge regarding the Photographic linage ;—0 C. Hyndmaii, 
Report of the Belfast Dredging Committee for 1859;—James Oldham, Continuation of Report 
of the Progress of Steam Nuviganon at Hull,—Charles Atherton, Mercantile Steam Trans¬ 
port Economy as aflTertcd by the Consumption of Coals;—Warren de la Rue, Repoit on the 
present state of Celestial Photography in England j—Professor Owen, on the Orders of FossH 
and Recent Reptilla, and their Distribution in Time ;—Balfour Stewart, on tome Result* of the 
Magnetic Survey of Scotland in the year* 1857 and 1858, undertaken, at the request of th* 
Briiiih Association, by the late John Welsh, Esq , F B.S.;—W Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws,—J Park Harrison, Lunar Influence on th* Tem¬ 
perature of the Air,—Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present In operation at tlie Kew Observatory of the British Asaoclatlon 
Prof. 11. J Stephen Smith, Report on the Theory of Numbers, Part Lj—Report of the 
Committee on Steamship perfoimance;—Report of the Proceeding* of the Balloon Commlttea 
of the British Association appointed at the Meeting at LeedsProf. William K. SulllTin, 
Preliminary Report on the Solubility of Salt* at Temperatures above 100^ Cent, and on tha 
Mutual Action of Salts in Solution. 

Together wiili the Transactions of the Sections, Prince Albert’s Address, and Recommenda¬ 
tions of the Association and lu Commliteet 

PROCEEDINGS of thb THIRTIETH MEETING, at Oaford, Jo«« 
and July I860, Pubh$htdat ISt. 

CoNTENTBi—James GUisher, Report on Obseiwstloni of Luminous Meteors, 185l^-flO|-^ 
J. R. Kinahan* Report of Dublin Bay Dredging Committee,—Rer J Anderson, Report on 
the ExcBTailons In'^ura DenProfessof Buckman, Report on the h xperimentsl Plot* In the 
Botanical Garden ot the Royal Agricultural College, CtrcncesleT;—Rev. R. Walker^ Report of 
the Committee on Balloon Ascentst—Prof. W. Thomson, Report of Ooromittet af^titod to 
prenare a Self-recording Atmospheric Elertrometer Ibr Kew, and Portable Apparatus fbr ob* 
serving Atmospheric flectHcUj WllHam Palrbalm, Bzperlmentt to determine the KflhOt at 
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Vibratory Action anil lon^ continued Changci of Load upon Wroughl-lron Girderv ;—U P. 
Oreg, Call! gut of Meteorite-* and I ireb ill-i from AO 2 to a D 1800,—Prof H J S Smith, 
Report on the I heorv i f Numlitr^, Part ll —‘Vice Admiral Monrsom, on the Pertorniaticeof 
Steum VLsm Ih, the I until rn of iho Screw, and the llelilioin of Its Di muter and Pitch to the 
Porn of the Vc^jtllit v VV V II irooiirt. Report on the Llfect^ of long-tontinued Heat, 
llhiiitrtuive of (itolo^ic ll Plienomen Second llt])ort of the Committee on Stcomship Per¬ 
formance —Interim Kej ort on the Gauging of Water bj Tinngulor Notelieb ,—l>ist of the 
Rriliuli Maiinc Inxeitebrite I auna 

Together witli the I r msictioii'i of the Seclioiin, Loid Wrottesley s Address, and Reeom- 
mendaiiona of the As'iotiatiun and its Cutnuiitlees 

PROCECDINGS OF tup I HIRT\-riRS T MEE PING, at Manchea- 
tor, Sipteinbei ISGl, Puhhsked at £1. 

CoNTKNTs —J ime-. Glnishtr llepoit on Ob erv ition** of Luniinnus Meteors Dr E. 
Smith, Hep rl o 1 the \ttion of Prison Diet and Disriplmt on the Hodily 1 unctions of Pn- 
sontrs Pirl I —Clailes Atherton, on I reight as affVeted by Differences in the Dynamic 
Proptrties of Stt mslnps W hi ren De Hue Report on tlie Pr gitss of Celestial Photo¬ 
graphy since the \herdeen Mciiing —H Stewart on the llicoiy if I xchanges, and its re¬ 
cent extcn'Ji )n —Drs I Sclmnik R At giis Snnih aiul H P Uoscoe in the Recent Pro¬ 
gress and Present Cyondituin of M mufaittiring Cheniibtrv m the Smi h I wncashire District— 
Dr J limit on f thi o C Inn ii< I igy oi the Accliin Ui* ition of Man —Prof I Thomson, on 
I xpenments on the G uiging of Water by Tii uigiil ir Notches —Dr A Voelcker, Report on 
Pield I xpcrinints and 1 ilioi itor\ Rpseaichcs on ihe (<n stiii ti ts « I Munmes essei tiul to 
cultivated Cr ps —Prof II Hemie»i%y Proi ision il Hi poit on the Present State of our Know¬ 
ledge reipcenng the 1 rm-imuaion oi Sound higuuG during bogs at Sea —Dr P I Stlwler 
and F von Ilnihstetler Report on the Picbci t State of our Knowledge of the Birds ot llie 
(icnus living in New 7eitind —J G Jeffreys, Rej ort of the Results of Deep sea 

Dredging in 7clland with a Noluc of several Species of Molluscn new to Science or to the 
Rntuh Isles, —Prof J Phillips, Contnl ulions to a Kcpoit on the Physical Aspert of the 
MoonW H Birt Contribution to a Report on the Plijiml Aspect of the Moon,— Dr, 
Collingwood and Mr Byerley, Prehninaiy Report of the Dredging Coiiiniiiue of the Mersey 
and Dee — Ihird Report of the Committee on Steainshtp Pirformance —J O JeffVeys, 
Preliminaty Report on the Rest Mode ol preventing the Rav iges of Teredo nnd other AnmuiU 
in our Ships and Iljrboiirs —R Mullet Reptrt on the I xpeniner ts nude at Holyhead to 
HRtertain the Trinsit-Vi locity of Wnvex nn ilogoiis to I nithquike Waves through the lotal 
Rock borniiitions —I Dobson on the I xplosioiis in British Coal Mines during the year 1859| 
—J Oldham Contir u ition of Report on Sieum Navigation at Hull —Professor G Dickie, 
Brief Summary of a Report on the Flora ot the North ot Ireland ,—Professor Owen, on the 
Psychical ond Physical Chiiracieri ol the Mincopies, or Natives of the Andaman Islands,and 
on the Kelftliuns thereby Indicated to otht r Races of Mankind —Colon* 1 Sykes, Report of the 
Balloon Committee Major-General Sabine, Kepoit on the Kepttilion of the Magnetic Sur¬ 
vey of England —Interim Report of the Con iiiittcc for Dredging on the North and I aat 
Coasts of Scottar d —W bairbairn on the Rtaistance of Iron Plates to btarical Pressure and 
the Force of Impact by Project lea at High Velueities —W . Feirhuirn Continuation of Report 
to determine the effect of Vibratory Aefton and long coiumued Changes of Load upon 
Wrought-lron Gliders,—Re| ort of the Committee on the Law of PatentsProf H, J 3 
Smith, Report on the Theory of Numbera Part III 

1 ogether with the Transaitinna of the Sections, Mr Faiibairn’a Address, and Recominen- 
datiuiis ol the Association and Its Committees 

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam¬ 
bridge, October 1 862, Published at £\, 

C 0 NTRNT 8 —James Glaisher, Report on Obsorvationi of Luminous Mettdrs, 1861-62*— 
O. B. Airv, on the Strains in the Interior of BeamsArchibald Smith and F J. Evans, 
Report on the three Reports of the Livcrrwol Compass Committee ,—Report on Tidal Ob¬ 
servations on the Humher,—1 Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armour-plate DefencesExtracts reittmr to the Observatory at Kew, from a Ue|mr% 
presented to the Portuguese Government, by Dr J A deSenta*—H T Mennell, Renon 
on the Dredging of the Northumberland Coast and Dogger Bank *—Dr Cnthbert Colling- 
wood, Report wwm the best moans of advancing Science througb the agency of the Mercan* 
tile Marine.—Messrs Wilharoson, Wheatstone, Thomson, MUfer, Matthiessen, and Jenktn, 
Provisional Report on Standards of Bleotrioal HeaistancePreliminary Report of the Com¬ 
mittee for invrsug ting the Chemical and Mlneralogical Compoiliioix of the Qranltea of Do- 
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MfCRl ;-^Prof tl, Heanetsy, on tbe Vertical Movement* of the Atmoiphere coniidered m 
connexion with Storm* and Change* of WeatherReport uf Committee on the application 
of Qauu’a General Theory of Terrestrial Magneiisin to the Magnetic Variation*Pleeming 
Jenkin, on Thermo-electric Current* in Circuits of one Metal,—W. Pairbairn, on the Me* 
chanical Propertie* of Iron Projectiles at High Velocitie*,—A Cayley, Report on the Pro- 
gre*s of the Solution of ceriam Special Problem* of Dynamic*,—Prof 0 G Stokes, Report 
on Double Refraction >—Fourth Report of the Committee on Steamship Performance• 
G J. Symons, on the Fall of Ram in the British Isles in 1860 and 1861 ,’~J. Ball, oiiTher* 
mometrio Observation* m the Alps ,—J 0. JefTrey*, Report of the Camraittee for Dredging 
on the N. and £. Coasts of Scotland ,—Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ,—James Gtaibher, Account of Bight Balloon Ascents in 1862 
Prof. H, J, S Smith, Ue|>ort on the Theory of Nuroher*, Part IV. 

Together with the Tramactions of the Sections, the Rev Prof. R. Wilha’s Address, and 
Recommendations of the Aiaociation and U* Committees. 

PROCEEDINGS or riia THIRTY.THIRD MEETING, at New¬ 
castle-upon-Tyne, Augui^t and September 186JI, Puhlmhed at £\ 5j. 

Contents t—Report of the Committee on the Application of Gun-cotton to Warlike Pur¬ 
poses;—A Afatthlessen, Repoit on the Chemical Nature of Alloys;—Report of (he Com- 
roittee on the Chemical and Mmeralogical Constitution of the Granites of Donegal, and on 
the Rocks associated with them;—J Q JefTreva, Report of the Committee appointed for 
Exploring the Coasts of Shetland hy means of the Dredge;—G. D. Gibb, Report on the 
Physiological Effects of the Bromide of Ammonium ,—C K A ken, on the Transiuntation of 
Spectral Rays, Part I ,—Dr Robinson, Report of the Cominiiteo on Fog bignals,—Report 
of the Committee on Standard* of Electrical ResistHnce ,—E Smith, Abstract of Report by 
the Indian Government on the Foods used hy the Pico and Jail Populations in India;—A. 
Gages, byiUbetical Researches on the Formation of Minerals, &c ;—R. Mallet, Prellmuiary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of Saturation, and Velocity of the issuing Gases and Vapours ;—Report 
of the Committee ou Ohbcrvations of Luminous Meteors,—l^ifth Report of the Coromittee 
on Steamship Performance,—G J Allman, Report on the Present State of our Knowledge 
of the Reproductive S>*teni in the Hydroida;—J Gloishcr, Account of Five Balloon Aicents 
made in 1803;—P. P Carpenter, Snpplemcntary Report on the Present State of our Know¬ 
ledge with regard to the Mollusca of the West Coa*t of North America;—Prof*nor Airy, 
Report on Steam-boiler Explosions.—C, W, Siemens, Observations on the Electneal RetiiU 
once and Electrification of some Insulating Materials under Pressure* up to 300 Atmo- 
tpheres;—C, M. Palmer, on the Construction of Iron Ship* and the Progress of Iren Ship¬ 
building on the Tvne, Wear, and Tees ,—Messrs llichaidson, Stevenson, and Clapham, on 
the Chrudcal Manufactures of the Northern District*,—Messrs. Sopwlth and Richardson, 
on the Local Manufacture of Lead, Copper, Zme, Antimony, Ac ,—Mes*n, Daghsh and 
Forster, on the Magnesian LiniCBtone of Durham I L Bell, on the Manufacture of Iron 
In connexion with the Northumberland and Durham Coal-field ,—T. Spencer, on the Manu¬ 
facture of Steel in the Northern District,—H J. S Smith, Report on the Theory of Num¬ 
bers, Part V, 

Together with the Transactions of the Sections, Sir William Armstrong’s Addre**, and 
Recouimendations of the Association and its Comiuittecs. 

PROCEEDINGS of the THIRrY-FOURTH MEETING, at Batli, 
September 1864-, Puhhsked at 18^. 

CoNTSNTa 1 —Report of the Committee for Observation* of Luminous MeteorsReport 
of the Committee on the best mesns of providing for a Uniformity of Weights and Mea- 
•ures;—T. S Cobbold, Report of Experiment* respecting the Development and Migration 
of the Entozoa;—B W Richardson, Report on the Physiological Action of Nitrite of Amylt 
—J Oldham, Report of the Committee on Tidal Obaervation*O. S. Brady, Report on 
Uccp-sea Dredging on ibeCoaacsof NorthujulwrUnd and Durham in 1804;—J. Glaisher, 
Account of Nine Balloon Ascents made in 1863 and 1864;—J G. Jeffreys, Further Report 
on Shetland Dredging*)—Report of the Committee on the Distribution of the Orgatiio 
Remains of the North Staffordshire Coal-field;—Report of the Committee on Standanls of 
Blectrical Reditancerr O J. Symons, on the Fall of Rain in the British Isle* tn 1862 and 
1863 FaJrbairo, t^rehmioary InveiUgatkui of the Mechanical Propertle* of the pro- 
poaed Atlantic Cable. 

Together with the Tranaaetiont of the Section*, Sir Cbarlea LyeU’i Addreas, and Rcconw 
mendations of the Aasodatloii and iu Committeea« 



PROCEEDINGS of the THIRTY-FIFTH MEETING, at Birming¬ 
ham» September 1865, PMished at £l Ss, 

CoNTBNTS —J 0 Jpflfreyi, Report on Dredging among the Channel Islea,—P. Duckland, 
Report on the Cultivation of Ovstere hy Natural and Artificial Methods,—Report of the 
Committee fur exploring Kent> Cavern :—Report of the Committee on Zoological Nomen¬ 
clatureReport on the Distribution of the Organic Remami of the North Staffordshire 
Coal-Aetd,—Report on the Marino Fauna and Flora of the South Coast of Devon and Corn¬ 
wall ,-“Interim Report on the Resistance of Water to Floating and Immersed Bodies,—Re¬ 
port on Observations of Luminous Meteors 'Report on Dredging on the Coast of Abordeen- 
shiro ,—J Glaisher, Account of Th-ee Balloon Ascents ;—Intenm Report on the Transmis¬ 
sion of Sound under M^aler,—G J Symons, on the Kainfall of the British Isles ^—W Pair- 
bairn, on the Strength of Materials considered in relation to the Construction of Iron Ships} 
—Report of the Gun-Cotton Committee j—A P. Osier, on the Horary and Diurnal Variations 
ill the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmingham ,—B VV. 
Richardson, Second Report ou the Physiological Action of certain of the Amyl Compounds; 
—Report on further Researches m the Lmgula-flags of South Wales,—Report of the Lunar 
Committee for Mapping the Surface of Che Moon ;—Re)>ort on Standards of Hllectrical Re¬ 
sistance ,—Report of the Committee appointed to communicate with the Russian Govem- 
ment respecting Magnetical Observations atTiflis ,—Ap|>endix to Report on the Distnbution 
of the Vertebrate Remains from the North Suffordshire Coal-field,— H Woodward, First 
Report on the Structure and Classification of the Fossil Crustacea ,—H J. S Smith, Report 
on the Theory of Numbers, Part V( ,—Report on the best means of providing for a Unifor¬ 
mity of Weights and Measures, with reference to the interests of Science,—A G. Fmdlay, 
on the Bed of the Ocean,—Professor A W. Wilhamsoo, on the Composition of Gases 
evolved by the Bath Spring called King's Bath. 

Together with the Transactions of the Sections, Professor Phillips's Address, and Rcconi- 
mondationi of the Association and its Committees. 


PEOCEEDINGS or the THIRTY-SIXTH MEETING, at Notting¬ 
ham, August 1866, Puhlvthed af 

Contents —Second Report on Kent’s Cavern, DevonshireA Mattbiessen, Preliminary 
Report on the Chemical Nature of Cast Iron,—Report on Observations of Luminous Meteors \ 
—W S Mitchell, Report on the Alum Bay Leaf-bed j—Report on the Resistance of Water 
to Floating and Immersed Bodies,—Dr. Norns, Report on Muscular Imtabilltyj — Dr 
Ricbardtoii, Report on the Physiological Action of certain compounds of Amyl and Ethyl,— 
H. Woodward, Second Report on the Structure and Classification of the Fossil Crustacea 
Second Report on the “ Menevian Group," and the other Formations at St, David's, Pem¬ 
brokeshire,—J.G. Jeffreys, Report on Dredging among the Hebrides.—Rev. A M Norman, 
Re|)ort on the Coasts of the Hebrides, Part 11 j—J, Alder, Notices of some luvertebrats, In 
connexion with Mr Jeffreys’s Report,—G. S Brady, Report on the OHracoda dredged 
amongst the HebndesReport on Dredging in the Moray Firth,—Repoiton theTransrais- 
siou of Souud-Signali under Water i—Report of the Lunar CommittoeReport of the 
Rainfall CommitteeReport on the best neons of providing for a Uniformity of WeighU 
and Measures, with reference to the Interests of Science ;—J Glaiiher, Account of Three Bal¬ 
loon Ascents Report on the Extinct Birds of tbe Mascarene Islands,—Report on the pene¬ 
tration of Iron-clad Ships by Steel Shot,—J. A, Wanklyn, Report on Itomensm among the 
AlcohnU t—Report on Scientific Evidence In Courta of Law,—A L. Adams, Second Report 
on Maltese Fostlliferous Caves, Ac 

Together with tbeTraniactions of the Sectiona, Mr. Grove’s Address, and Recommendations 
of tbe Association and lU Committees. 


PROCEEDINGS of thr THIETT-SEVENTH MEETING, at 
Duudee, September 1867, Publuhed at £l 6f. 

CoNT*KTa t—Report of tbe Committee for Mapping the Surface of the Moon v^-Tbird 
Report on Kent’s Cavern, Devonshire,—On the present State of the Manafacture of Iron 
In Great Britain;—Third Report on the Structure and ClastificatioD of tbe FoaaU Crustaceaf 
—-Beport on thr Pbyslulogical Action of tbe Methyl Compoundst—Preliminary ^port on 
the Exploration of tbe Plant-Beds of North OreonlAnd;—Report of the Steamship Perform¬ 
ance Committee ^-On the Meteorulo^ of Port l^uls in tbe Island of Mauntiut t—On the 
Cuustruction and Works of the Highland RailwayExperimental RmarchM on the Me* 
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cVianicfcl rrop^^rlK'fc q{ Steol,—Report on the Merlne Fauna and Horn of the So ith Coast of 
Devon n d (-on wall,—Sii| pletnci t to a Repou on tlip 1 xtioLt Did ne Mirds of the Maaca* 
rene bUud —Report on Obseivatious of Lunnmnis Meteors,—Fouitli Report on Dredging 
among the Shetland Isles,—rreliininary Report on the Crustacea, At, procured b\ the 
Shetland Drtdgmg Committee in I8b7,—Report on the loraminifcra obtained in the Shet¬ 
land Seas,—Second Report of tlie Ronfall Committee —Report on llie hc»t means of 
providing for a Uniformity of M eights and Mcasuies, with reference to the Intereata of 
Scjculc, —U( port on Standards of Llccirual Resistatue 
Together vsith the Transactions of the Sections, and Recommendations of the Aasuciatioa 
and Its Commutees 


PROCEEDINGS or n\v THIRTY EIGHTH MEETING, at Nor¬ 
wich, Avij^ust 1HG8, I*ubhshf'd at £1 6« 

CoNTaNTs —Report of the I tinar Committee,—Fourth Report on Kent's Cavern Devon¬ 
shire ,—On Puddling lionfourth Report on the ’structure and ( lissification of the 
Fossil Crustacea,—Report on Biitish Fossil Corals,—Report nn Spectroscopic Investigations 
of Animal Substances, Re|>ort of Steamship Performance Committee —Spectrum Annlvsis 
of the Heavenly Bodies, On Stellar Spectrometry , —Repiirt on the Pliysiolugical Action of 
the Methyl and allied Compounds —Report on the \( tioii of M« rcury on the Biliary 
Secretion ,—I aat Report on Dredging among the Shetland Isles, lb ports on the Cmstacea, 
&c , and on the Annelida and torammifera from tlie Shetland Dndgmgs , Report on the 
Chemical Nature of ( a«t Iron Part 1 , Interim Report on the Sahty of Mcichaut Ships 
and their Passengen Report on Ob-ervationa of I umiiinus Meteors —Piehminary Report 
on Mineral Veins contaiiiiiig Orginic Ueinuins Report on the dcsiruhility of f xplorations 
between India and China, Report of Rainfall Comnnlttc, Report on SjntUeticalRe- 
•earchea on Organic Acids , Ripoitoii ( mfirimty ol M eights and Meisures,—Repoitofthe 
Committeeoirlidal Observations —Report of the Committee on Undci ground lemperatiirc, 
—Clianges of the Moon s Surface , Re|>ort on Poh atomic C vanules 

Together with the Transactions of the Sections Dr Hooker s Address, and RecoiDinenda* 
tions of the Association and its Committees 


PROCEEDINGS of Tin THIRTY-NINTH MEETING, at Exeter, Au¬ 
gust 18fj9, Published at XI 28 

CoNTBNra —Report on the Plant beds of North CircenhndReport on the existing 
knowledge on the Stability Propulsion, and Sea going Qualities of Ships — Report on 
Steam-boiler Explosions, Preliminary Report on the Determination of the Oases existing 
in Solution in 'Well-waters —The Pressure of Taxation on Real Propcitj ,—On the Che¬ 
mical Reactions of Light discoveied by Prof TyudaU,—On Fossils i btained at KiUoxkan 
Quarry, CO Kilkenny, Report of the lunar Committee.— Rtport on the Cbemirnl Na¬ 
ture of Cost Iron —Report on the Marine Fauna and Hora of the south coast of Devon 
and Cornwall,—Report on the Practicability of establishing ** a Close Time" for the Protec¬ 
tion of Indigenous Animals,—Experimental Researches on the Mechanical Properties of 
Steel,—Second Report on British Fossil Cora’s,—Report of the Committee appointed to 
get cut and prepared Sections of Mountain limestone Corals for PhotographingReport on 
the rate of Increase of Underground Temperature,—Fifth Report on Kents Cavern, De¬ 
vonshire ,—Report on the Connexion between Chemical Couititution and Physiological 
Action On Emission, \b8orptioD and Reflection of Obscure Heat —RrT>ort on Obser¬ 
vations of Luimnous Meteors —Report on Unifonmtv of Weights and Measures,—Report on 
the Treatment and Utilization of St wage Supplement to Second Report of the Steam¬ 
ship-Performance Committee ,—Report on Recent Promsi in Elliptic and HypcrtUi^tlc 
FunctionsReport on Mineral Veins m Carboniferous Limestone and their Organic Coo- 
tents,—Notes on the Foramlnifera of Mineral Veins and the Adjacent Strata,—Re|>ort of 
the Rainfall Committee Intenm Report on the Laws of the Flow and Action of Water 
containing Solid Matter m Suspension —Interim Report on Agnculiural Machinery ,— 
Report on the Physiological Action of Methyl and Allied Senei,—On the Influence of 
Form considered in Relation to the Strength of Radway-axles and other portions of Maohl- 
ner) subjected to Bapj \ Alterations of Strain ,—On the Pencil ation of Armour-plates with 
Long Shells of Large Cipaclty fired obliquely —Report on SUndardsofElectncalRcwstance, 

Together with the Transactions of the Sectioni, Prof Stokes's Addreu, and Becom- 
mendations of the Association and its Committees. 
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PROCEFDINGS of the FORTIETH HFEIIEG, at Liverpool, Septem- 

ber 1870, Puhhthed at 18« 

Contents ■—Report on Strain boiler Exploetons,—Report of the Comnnttte on the 
Nttmatitc Iron oret of Great Hritain end Ireland , Report on the Sid mentalv l)e| otita of 
the River Onnv —Report on the theiiucRl Nature of Cast Iron “Reiort on ihc practica¬ 
bility of eatablifching * A Close Time" for tlic piotectini of Imli(^enoiR Ainniflls,—Rciiort 
on Mandardi of 1 kclrical Resisionce,— Sixth Report ou Kent s Cavern - Third Ucpoii on 
Underground Temperature,—* Second Report of the Conimittfe appointed to get cut ni d 
prepared Sectioni of Mountain Liincbtone Corals,—Second Report on the Stability, Pro¬ 
pulsion, and Sea going Qualities of Sbips,—Report on Earthquakes in Scotland,—Rcinrt 
on the Treatment and Uidi/ation of Seveage,—Report on Ohbeications of Luminous Me¬ 
teors, 1869-70,—Report on Recent Progress m Lllipiio and HipercHiptic huintions,— 
Report on Tidal Observalioni,—On a nev? Steam power Meter —Report on the Action of 
the Methyl and Allied Series,—Report of the Rainfall Committee,—Report on the Heut 
generated in the Blood in the process of ArtcnaluationRcpoit on the beat means of 
providing for Uniformity of eights and Measures 

Together with the TraiisactionB of the Sections, Prof Huxley’s Addreis, and Recoranien- 
datious of the Association and its CommUlccs. 

PROCEEDINGS of thf rORTY-ElRST MEETING, at Edinburgh, 
August 1871» l^hh^hed at Iba 

Content! —Seventh Report on Kent s Casern,—Fourth Re|>ort on Underground Tem¬ 
perature,—Report on Ohservatioiiv of Luminous Meteors 1870 71 —hifth K( port on the 
Structure and Classification of the Fossil Ciustacea Report for the purpose of urging on 
Her Majesty’s Governimnt the expediency of arranging and labulHtiiig the rCbuUs of the 
approaching Census in the three several parts of the United Kii gdoni in such a manner as 
to admit of ready and effective comparison;—Report for the purpose of Sii{»ennteiiding the 
publication of Abstracts of Chemical papers,—Report of tlic Committee for discussing 
Observations of 1 unar Objects suspected of change, Second Provisional Report on too 
Thermal Conductivity of Metals,—Report on the Rainfall of the British Isles,—Third 
Report on the Bntish Fossil Corals Rtport on the Heat generated in the BUod diiniig the 
process of Arterializatiou ,—Report of the Committee appointtd to consider the subject of 
physiological Experimentation .— Rfiiori ou the Physiological Action of Organic Cb^iutl 
Compounds*—Report of the Committee appointed to get cut and prtpari d Seciions of 
Mountain Limestone Corals,—Second Report on Steam Boder ExplosionsRcpirt on (he 
Treatment and Utilifation of Sewage —Report on promoting the Foundation of Zoologuaf 
Stations in different parts of the World,—Prelimmary Report on il e Iheimal equivalents of 
the Oudei of Clilonne ,^Report on the practicahduy of establishn g a Close Tune” for 
the protection of Indigenous Animals,—Report on Farthquakts in Scotland, Report on 
the best means of providing for a Uniformity of Weights and Measures,—Report on Tidal 
Obiervationi 

Together with the Transactions of the Sections Sir William Thomson’s Address, and 
Recommendations of the Aiiociation and its Committees 

PROCEEDINGS ^ FORTY-SECOND MEETING, at 
Brighton, August at £1 is 

Contents —Report on the (kiossian Constants for the Year 1829 ,—Second Snpplcmen- 
tary Report on the Extinct Birds of the Mascarene Islands,—Report of the Committee for 
Superinteuding the Monthly Reports of the Progress of Chemistry —Report of the Com¬ 
mittee ou the best means of providing for a Uniformity of Weights and Mtasurea Lighih 
Report on Ktot’s Cavern;—Report on promotang the Foundation of Zoological Stations in 
dnrent paita of the WorldFourth Report on th/a Fanna of South DevonPrehmlnai y 
R^iort of the Committee appointed to Construct and Print Cataloguer of Spectial Hava 
ajTinged upon a Scale of Wave-numbers,—Third Report-on Steam-Boilei Explosions,— 
Report on Observations of Luminous Meteors, 1871-72,— Expenmepu on the Surface- 
friction expenenoed by a Plane moving through water,—Report of tlw Committee on tbe 
Antagonism between the Action of Active SubstancesFifth Report on Underground 
Temperature.—Preliminary Report of tbe Committee on Siemens’s blectncal-ReuGfance 
PyrometerFourth Report on the Treatment and Utilization of Sewage,—Interim Reptirt 
of the Committee on Instruments for Measuring the Speed of Sbijis and Currents,—Report 
on the RainfaU of the British Isles,—Report of the Committee on a Geograj liica) Exploii- 
tion of tb« Country of Moab,—Sur FAuumatiou des FoncUoni AibitrairoaReport on the 
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DUoovery of FoiaiU in certain remote parts of the North western HighlandsReport of the 
Committee on BarthquaVea In Scotland,—Fourth Hei)ort on Carboniferous Limestone Corals, 
—Report of the Coinmittee to consider the mo<le m which new Inventions and Claims for 
Reward in respect of adopted Inventions are examined and dealt with by the different 
Departments of Government —Report of the Committee for discussing Observations of 
1 unar Objects suspected of change —Uepirt oi the MoUusca of F nrope —Report of the 
Committee for investigating tlie them cal Co ist tution and Optical properties of Pasentia! 
Dlls —Report on the pracucability of establ shing n ( lose Time for thi preservation 
of indigenous animils —Sixth Report on the Structure and ClnsHidi^ation of Fossil Crustacea 
— Report of the Comm ttce to organize an Pxpe lition f >r observing the Solar b cl pie of Dec 
12 lo7l Prehminarv Hcimrt of a Com nitlee on Terato cmhiyologieal J nqumes —Report 
on Recent Progress in elliptic a id f Ivpprelliptic Functions —Report on Tidal Observations j 
—On the Brighton ^\flte^wo^k8 —On Amsler s Planimeter 

Together with the Transactions of the Sections, Dr Carpenter ft Address, and Recom* 
meadations of the Association and its Committees 


^rLHi ING, at Bradford, 


PBOCFrUINGS OF ruK I OllTY-THIBB 

Septomher 1^7 } FaUtshel t/f XI 6« 

CoNTFVTS —Report of the Committee on Mathematical Tables —Observations on the 
Apphcati in of Machinery to the cutting of Coal in Mines —C including Report on the 
Maltese Fossil Llephants —Report of the t ommittee for ascertaining the existence in diffe 
rent parts of the United Kingdom of any brratie Blocks or Boulders —Fourth Repirt on 
Farthqnakes in bcotland —Ninth Report on Kent s Cavern —On the Flmt and Chert Imple¬ 
ments found m Kents Ca'sern , Re|iurt of the Committee for investigating the Chemical 
Oonstitation and Optical I’roperties of Essential Oils —Report of jnq dry into the Method of 
making Gold assays —Fifth ReiKirt on the Selection and Vomenclature of Dynamical and 
Klectncttt Units —-Report of the Committee on the Labyniithodonts of the Coal measures , 
—Report of the Committee to conslrnct and print Catalogues of Sjectial Rays —Report 
of the Committee appointed to explore the Settle Caves —Sixth Report on Undergnund 
Temperature,—Report on the Rainfall of the British Isles —Seventh Report on Reiearcbes 
in Fossil Crustacea —Report on Recent Progress in Flhptic and llyperelliptic Functions,— 
Repprt on the desirability of establishing a Close Time for the picseivatlon of indigenous 
Mtnnls -—Report on Luminous Meteors —On the visibility of the dark side of Venus,— 
Report of tne Ciimmittee for the foundation of Zoological Stations in different parts of the 
world —Second Report of the Committee for collecting Fossils from North western Scot¬ 
land —Fifth Report on the Treatment and Utilization of Sewage —Report of the Com¬ 
mittee on Monthly Reports of the Progress of Chcmisiry —Dn the Bradford Waterworks,— 
Report on the possib lity of Improving the Methods of Instruction in Elementary Geometry; 
— Interim Report of the Committee on Instruments for Measuring the Speed of Ships &c ; 
—Report of the Coramntee for Determinating High Temperatures by means of the Refran- 
gihilily of Light, evolved bv Fluid or Solid SubsUnces —On a penodicity of Cyclones and 
^infall m connexion with Sun spot periodicity —Fifth Report on the Structure of Carbo- 
mferous I imestoue C irals —Report of the Committee on preparing and publishing brief 
forms of I/istructioiij for Travellers, Ethnologists, Ac —Preliminary Note from the Com 
mitteo on the Influence of Forests on the Rainfall —Report of Sub Wealden Exploration 
Committee,—lieportof the Committee on Machinery for obtaining a Record of the Rough¬ 
ness of the Sea and Measurement of Waves near shore,—Rcpoit on Science-Lectures and 
Organization ,—Second Report on Science I ectures and Organization 

T(«ether with the Transactions of the Sections Professor A W WiUiamson'i Address, 
and Recommendationi of the Association and its Committees 


PROCEEDINGS or tub rORTt-EOURTH MEETING, at Belfeat, 
August 1874, Ihthluhed at XI 5a ^ 

CoNTBNTS —Tenth Report on Kent's Cavern , "Report for investigating the Chemical 
Constitution and Optical Properties of Essential Oils,—Second Report of tlie Sub-Wealden 
Exploration Committee,- On the Receat Progress and Present State of Systematic Botany; 
—Report of the Committee for investigating the Nature of IntesUnal Soaution Report of 
the Comn^Htee on the Teaching of Phvsics in Schools; PreUmmaryjKort for investiga¬ 
ting Iso nr no Cresols and ilieir denvatives,—^Third Report of the Connmiltee for Colleotfng 
Fossils from localities in North Western ScotlandReport on the Rainfall of the British 
lalet,—On the Belfsst Harbonr Report of inquiry Into the Method of making Gold- 
assays t—Report of a Committee on Experiments to determine the Thermal Conductintiea 
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of certain Rocki,—Sacond Report on the Exploration of the Settle Cavee,—On the Tndui 
trial ocei of the Up^ Bann nver»—Report of the Committee on the Structure and Clu- 
tifleatioa of the I aDjnnthodoDti«—Second Report of the Committee for recordiiiR the 
povition, height above the lett lithological charactera, sire and onnn of the Erratic Blocks 
of England and Wales, Slc —Sixth Import on the Treatment and Utilisation of Sewage,— 
Report on the Anthropological Notes and Queries for the use of Travellers —On Cyclone 
and Rainfall Penodicities,—Fifth Report on Earthquakes in Scotland Report of the 
Committee to prepare and print Tablet of Wave numbers — Report c)f the Committee for 
teating the new Pyrometer of Mr Siemens Report to the Lords Commissioners of the 
Admiralty on Experiments for the Determination of the Frictional Resistance of Water on 
a Surface dec —Second Report for the Selection and Nomenclature of Dynamical and 
Electrical Units On Instruments for measuring the Speeil of Ships,—Report of the 
Committee on the possibility of establishing a Close time ** for the Protection of Indige 
nous Animals —Report of the Committee to inquire into the economic effects of Combma 
tions of Labourers ami Capitalists —Preliminary Report on Drelgmg on the Coasts of 
Durham and North Yorkshire —Report on I uminous Me cors —Report on the best means 
of providing for a Uniformity of Weights and Measures 

Together With the rransactions of the Sections Professor John Tyndalls Address, and 
Recommendations of the Vksociation ait I its Committees 

PROCEEDINGS the FORIY-Urra MET riNfi, at Rrwtol, 
Au^st lH7f), Fuhhth^d at Ji\ 

CoNTRNTS —Eleventh Report on Keuts Cavern —Seventh Rcp>rt on Underground 
Temperature,—Report on the Zoological Station at Naples, Report of a Committee to 
inquire into the Methods employed in the estimation of Potash and Phosphoric Acid in 
Commercial Products Report on the present state of our knowledge of the Crustacea, 
Second Rep< rt on the Thermal ( ondiictivitics of certain Rocks , Preliminary Report for 
extending the observations on the Speciftc Volumes of Liquids —Suih Report on Earth 
quakes m Scotland —Seventh Report on the Treatment and Utdirstion of Sewage,— 
Report of the Committee for furthering the Palestine Explorations —Third Report of the 
Committee for recording the position, height above the tea lithological characters, bikc 
and origin of the Frratic Blocks of Lngland and Wales, See —Report of the Rainfall Com¬ 
mitteeReport of the Committee for investigating Isomrnc Cresols and their Denvt 
tivesReport of the Committee for investigating the Circulation of the Underground 
Waters in tUc New Red Sandstone and Permian Formations of England,—On the Steering 
of Screw Steamers Second Report of the Committee on Combinations of Capital and 
LabourRetort of inquiry into Iho Method of making Gold assays —‘Eighth Report on 
Underground Temperature —Tides in the River Mersey —Sixth Report of the Committee 
on the Structure of Carboniferous Corals -Report of the Committee appointed to explore 
Settle Caves,—On the River Avon (Bristol) its Drainage Area &c —Report of the 
Committee on the posiihihty of establishing a Close time for the Protection of Indige 
noua Animals,—Report of the Committee appointed to superintend the Publication of the 
Monthly Reports of the Progress of ChemistryReport on Dredging oft the Coaat of 
Durham and North Toiksbire In 1874 —Report on Luminous Meteors On the Analytical 
Forms called Trees —Report of the Coauniitee on Mathematical Tables,—Report of the 
Committee on Mathematical Notation and PrintingSecond Report of the Committee for 
investigating loiestinal Secretion ,—Third Report of the Sub Mcalden Exploration Com 
ouilee 

Together with the Transactions of the Sections, Sir John Hawkshaw $ Addresit and 
Recommendations of the Association and its Comnutteei 
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UST OF MEMBEKS. 


0 


Year of 
Kiection. 

1S71 •Bisciror, Oi8rA\ 4 Jfurt-stiept, l^loomsbun, Lt-ndon, L 
18< 8 ];JhMhop, John lliorpe Hnnilt t, Noiwich 
iHfXt lUiahop. Ihonift^* Bmmcoto, ^ottin/liani 
1801) tBlackall, Thomafl 11 St iithomhav Lvetoi 

1870 jillockbuin, Jlu^h, A , Piults ct Mi thtiimt in ilic I nntiHity 
of Olasff )W 

Bl&cklmino, 111\ lohn, V \nnnonlli Ish<^^^]^ht 
Blockbumo, lltv John, ]un , M V IJfitou, ncu C hip- 

penhai 

1850 JBlackio, Tohii Stewart, M A PiofiK8n ot fiu k in tlio I uivcisity 
of J duiburj^h 

JH70 §Blarlue 11 Itit 7 (iieat AV tattiii Itiiiuo, 'V 

1865 *Br ACKii , W G I’h 1) 1 (1 S 17 ^tiiuhop slnet (rhingow 

1870 jBlacktm rc, AV 1 uni iHioiiit 1 c thbll^^ 1 ondon L( 

*Bn vt KW \i L Tvi V Joii\, ITS Jltndio Ih us(, near I Beu- 

bightthiic 

18G3 :(:Blako, C ( aitoi, Ph T), 1 OS A\ifltnnn t r fl School of 

Medicine Bioad Hindu 11 \ A\ slniindii S A\ 

1810 AKF Ill \Tn AA or T iNio\ Af \ , 1 K S 1 B G S 81) \ouflhuc- 
place roriland platt Toulon, AN 

1810 •Blftko, William Bnl^ellous S mtIj Ik tinrton Smei-it 
IH45 ^B/nke/ilfyf J^d / B li D V/tc 1 tc Jlciffoithhite 
1801 §BIakiHton, M lUhew 1 U(iS ]H AN ilton cri.'^a nt, I nl n S AA^ 
•Bliikiatoii Poyt( n Ml) T S street I nil n \\ 

1808 XlilauCf llimy MI) 9 7/ dfad tfn tf HcJj ni ffqum I uilon^ Jf 
1800 JBlanford, AV i 1 hS,I (iS I B ^ (itulo^^nnl Sunc > flndin, 
Calcutta (UKipptl sired Jlussdl *»cmnu, 1 ond( n AN t ) 
•Bi OM><Fin.n, 10 V I loNiuj), M V, 1 1 I G s ) ) BGni ul, 
Bath 

Blort, rdvNard, T T D IBS 1 B (, S , 1 S V 4 Alaiuhc .ter- 
aquaro, London, AV^ 

1870 JBlundell Ihomaa Weld luce Blnndi 11 llnll, (tk at Ciusb^, T au- 
ctwhiK 

18G9. tBlunt, Sii Clmrlcfi Baid Iltalhh Id Ikulc Snssi \ 

1860 JBlimt, Cant Bichard Bictlnnda ( liertM ^ Sujuy 
Blyth, B Ilall liriGtoige atud Ldinbuip^h 
1858 *Blythe, AVilliam Holland Bank, C hurdi neai Acdiugton 

1870 JBoaidmau, Idwaid Qiitcn-Btud, Norwi h 

1845 liodolpk 

1860 §Bogg, Thomas AN t niyss 1 outh I mcolnshiu 
1876. §Bogue, David lOJ 1 iccadilh, I ondon AV 

1850 *J3ohn, III vni a , 1 I S 1 ll V S , 1 K ( s , I S s N idi 1 ml 

House, Iwicktnhani 

1871 §Bohn, Mis nth 1 nd iJousi, Twnkrnl ftin 
1850 IBolflter, Ki v Ihcbondaiy John A C oik 
1876 §Bolton, 1 Cnrhrook Siirlinp 

Bolton, B I Ijaun 1 Mount, Aighuith-road, Luerpod 
1860 Banks Low Paveineut, Nottingham 

1863. XBond^ Fianm P, M1) 

Bond, Henry John Hayes, M D f ambndgo 
1871. SBonney, Kev Ihomajs Geozge, M A, P S A, b G 8 St John ei Col¬ 
lege, Cambridge 

Bonmnty Ifjnatim 30 Jitandfm d^^qtiare^ London^ N W 
Bonomi, ^OfiRPH Soane s Muacum, 16 Lincolu’s-Inn-helds, Lon¬ 
don, WO 

I860, tBooker, W H, Cromwell-tcrrace, Nottingham. 

1801. SBooth, Jomte. Elmfield, Bocbdale 
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I48T OP Mt-WBEltS 


Year of 
Klott om 

1835 tBooth, Rov LLD,rHS,rRAS,FRGb lhe^ 

flj^o Stone near Ayloebmy 

1861 •Bootli V^ illiniu Hollybank f ornbrook Afanchosfer 
1876 §Booth W illinu 11 Irinity ( oIUko Oxford 
1861 *BoTcbardt I ouis, M O Baiton Aicade MuntbeaUr 
1840 JBorobam. W ilham W 1 11 VS ilio Alount llaMrbill New- 
maiWt 

1870 ’Borland Walhani 'S Vniifield place Glasgow 

1803 tBnmea 1 be<Kloi*e T ovain cr aemt Newt on-ljne 

1876 ^Boeanquet, U H M,M V iGS IRAS St John s CoUi^ge, 
Ovftrl 

’B)ssey I ranciH M D Mavhell Ovfcid road Bodhdl Sune} 

1867 SBotly, Willmni, 1 S V S ilubury lions Hamlet load, Uppei Noi- 

\\ ot d J udoiJ S h 

1868 tBotteiill John B irh \ n ap L ods 
1872 IBottle, Vlexandn 1) )Ver 

1808 iBotUt J J 2 HNeUonioad Gieat V armontb 

1871 JBottomily, Jamfs I homson, H A bGS Ihe t ollt^c, ( lua- 

gow 

B ttomloy A\ dlnin 14 Biuuswjck garb ns Kensington, London, 

W 

1870 §Bottomlty Wdham, jun 14 BuaMok gaidtns Kensington, 
T ondou AA 

1850 JBoucb Thomas ( T 0\f rd terraco Kdinburgb 
1870 JBouIt Sivinton 1 Hal sheet, 1 i\orp( ol 
18(58 tBoulton AV b N iwitb 

1800 §Bouine, StenUon 1 SS Abb ilcy Loilge Ilndst ni dn\e Hauow 

1872 4 B 0 V 1 II AATilham bdwiird 20 Jam s sheet, Binkingham ^ vte, 

I ondon S \V 

1870 JBower, Vnthonv B)werdalo Scafntb Inerpool 

1807 tBow r l)i Jolin Perth 

1 AjO ’ Bowlby, Mihm 1 J 27 I ansdown ert scent Gheltouli ini 
1803 iBowinau H Btusm Neweistlc on Pyii 

Bjwmnn AVilhaui 1 K b 1 II C b 5 ( liflord atrett, London, W 
18(t0 JBownng Charles 1 Llm leigh Pnneos Park, Lueipool 
18f 1 XSotvnttr/ J C X^irfheati Fxefci 
18(33 jBowron lame^ So ilh Stockttm ou Tee^ 

180.3 5 Boyd F Iwai 11 eu vick Mooi Ilo ise neai Barham 

1871 iBoyd, Th mas T 41 Aforjn jlace bdinburgb 

3806 jBoyrv, Ro^ G I) Soho Ilona Ilanilaworth, Bn^inghiuu 

1873 ’BnAnnooK I A\ b S V, Dn VI 28 Abingdon-atreet, Woat- 

niinstei S A\ 

1809 ’Braby Irdcnrk 1 OS b CS Alount Herd oy, Sydenham Hill, 

Ijt ndiii S J 

1870 SBraco F Imund 3 Exchange-square Gh^g w 

Biocebndg Cbailori Holt, 1 HGb Ihe Hall Athtratone, Wnr- 
wickfihiie 

1801 ’Bradshaw AViIUani Slade Hoiiso, Green walk, Bowdon, Cheshire 
1842 ’Buady, Su Vnionio JP, bUS Maryland Poin^ Stratioid, 

Essex, L 

1867 ♦Brady, Cheyne. M 11 I V Four Courts, Co Dublin 

Brftdv Daniel EMI) 5 Gardiner s-row, Dtiblin 

1808 tB uady, Gi oeau S 32 1 awcett-street, Sunderland 

1803 fBsiDY, Hynby Bowman, rBS,lLS,rGS 29Moalcy-street, 
Newcoatle-on-Tync 

1868 tBrat Andr^v? Efkmmd 

1876 iBrogge, Wilbwn, F 3 A , F Q 9 - Shule IIiU,. Sheffiajd 
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11 


Year of 

Klectioii. 

1H04 §Braham, Philip, PCS C George-stioct, Bath 
1870 iBnudwocxl, T)r Bdemeie-torraca, Biikenhend 

1804 Irtraikenndge, lle\ Ooorj^o Weniv, M A ,F T S Olcvtdon, Soinorttct 

1805 §BRAMWh.jt, InFDFKfcK J,MICE,1^I1S 37 Great Gooigo- 

street, London, S W 

1872 JBramwell, William J 17 Priuco Albert-street, Rnghlon 

jBf ancle /, Jiei 1 homa^^ M A Iimva/ton, Sovu ; iei 
1807 I Brand, William Milnefic Id, Dundee 

1861 •Erandreth Tl«v TTouij Dicklobviri^h Rt ctory, Scole, Ninfolk 
1852 l:BR\7n n, J \MT s S , b CM, Profts'^r of C hi nmtry in Maiischal ( ol- 
legf find Dnunsity of Vbitdeen 
1857 Tliomna 12 Ilolh a-stii 1 1 Dublin 

IHOO *Eiii ABAiTiANF Tilt liight IIoii Uio Furl of Tavnioulh ( abllo, 
N E , and Cirlton ( lub, Pull Mall, London, & W 

1873 §Brefht I dgar C a^tleford, near Nonuanton 

18(^8 iBroiuridgi, Elias 17 Bloonisbury-sqnare, London, W G 

1866 tEront, ( tlonel Robert Woodbury, Exi toi 

1800 jBrett, O Sailor d 

1860 t Bret toll, riioma^ (Mine Agent) Dudle} 

1806 JBrtwin, Willuiiu ririnteater 

1876 §Bnant T Ilnniplon Wick, Kingston-on rbames 

1807 j:BIlIDGMA^, WjLi lA^i Kknckiby 09 St Gilts 8 BtKot, Norwich 
1870 •Bndaon, Tosoph R Bello Isle, Windermere 

1870 fBrierh y, Joseph, C 1 New Market street, Blackburn 
1870 •Baiao, John Bioomfiild, Keighley, Yorkshue 
1800 *Bngg8, \rthuT Gragg lioj^ RaT\don, near T ttds 
1860 §Bnggs, Joaeph Banow-m-rumess 

1803 Mluiaiir Sir Chari is Tilstoy CE,ros,I ROS, FRiS 
20 Bolton-gardi ns T ondon, S W 
1870 JBnglit, II A M A , P R G S Ashfitld, Knotty Ash 

BniOJiT Ih Right Hon JoHv, MP llochdide, I ancashire 

1808 JBiiivi, Commander Lindfsav Army and Navy (Jlub, Poll Mall, 

LondiJH, S W 

1842 Broadbont, Thomaa Marsden-squaro, Manchester 
1859 *Bnoo7iuiisr, Bkhnabb Fdwvbd 20 Grosvenor-stroet, Orosvenor- 
square, London, W 

1847 IBuodu, Sii Bj>^jvmiy C, Bart, MA, DCT,FES,FOS 
Brockhom Warrtn, R< igate 

1834 JRaoDiic, Rev Ja-mks, FG S Monimail, 1 ifushue 
1800 jBnouijs, Rev Pi tku Bki^i f^okh, M A, P G S Rowington Vicai- 
oge, near Warwick 

1863 tBromby, T H, M A The Ghaitor House Hull 

*Biiookf, Cuahi i a, M A , b R S , F R C S 10 Ht/roy-squaro, 
London, W 

1865 tBrooke, Pdwaad Marsden Ilouao, Stockport, Cheshire 

1864 *Brooke, Rov J Ingham Thomhill Rectorj, Dewbbury 

1865 JBrooke, Peter WiUiam Marsden House, Stockport, Cbeshtrc 
1863 iBrooks, John Crosse Wallsend, Nowcastle-on-Tyne 

1846. ^Brooks, t'homas Cranahaw Hall, RawAtenstall. Manchester 

Brooks, William Ordfoll Hill, Fiat Retford, Nottanghamebire. 

1874 iBroom, 'VVilliam 20 Wopdlandfl-terrace, Glasgow 

1847 IBroome, 0 Edward, F L 8 Elmhurst, Batheaaton, new Bath 
1863 *Brough, Lionel H , F G 8 , one of Her Majesty’s Inspector# of Coal* 
Mines n West Mall, Clifton, BrUtol 
•BnoTJN, John Aw an, F R S 4 Abeyoorn-plooe, St Johu*8 Wood, 
London, NW 

1004 Mra. 1 Stratton-streetj, FtccadiUy) London, W* 
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LIST OF MEMBERS 


Year of 
n ction 

1803 Vli^vni nt Citu\r, M 1), 1 it S T, I C ^ , PioftHaoi of 

Ch( mi'^trv in tlioUiintrsU^ ot J^dinbu^^b 8 Belgiano-cnstmt, 
Ldmbuif^Ii 

18tJ7 1 Brown, Llmilc s (t ige M I) 88 Sloano strot t, Lonil m, b Wi 
1855 1 Brown, ( olin 1 )3 Ilopt - li 1 1 (jla 
1871 §Br)\vn Diuid 01 ibln \ lull bdinbuififli 
!H(11 *Bitjwu Iv- \ Divon I uthauk Hnll llStwlii^ll Ciuhnlo 
18i>8 §BrowiJ il(nr\, I Pjll l)ai‘i\ Hill, Lawdon Ltcds 
1870 §Buow N, Tlou^( 1 1 111 JUnk, Rmtou on litnt 

Blown Jlii^h Broadsloiu Vyi'^hiio 

1870 •Buowv I CAAtiniLi, L) ^ 1 CS Infiiniarj School of 

Me licme, I <^1 

1876 §liriwn, John IdeuuerrY IT himc BcUiiat 

1850 I Blow II, Kg\ 1 jhn ( i-ombu, LI 1) , 1 T ^ B rwick-on-l wcc-d 

166 \ t oujif 1 hn ll 

1874 jlbown lobn b I I nd iij SbiWiBiidg Bcllft'^t 
1861 i Blown Italpli T anibt )U a B ink Nowiastl -on lyno 

1871 lloiriu, Al \ Phi) 1 1 S, 1 JiOS Jb Guildford- 
loul VlbLrt-:Mjuiire, J ondon, S W 

1808 JBiown, Sanuiel (maftou llousi Swindon,ilU 
Ih man f7umf/a;a/, ihvp^iin 

•Brown A\ illi iin 11 Maidta tniace Daifmnitli Piuk, London, N 
1855 jBrowii, 5\ illmni B rktl > t n k fila^jow 
ls50 IBiown, 5\ illmni 1 LSI J5 Dublin stn ct 1 d nbuigh 
J865 tBrown, AVillmni 41 v N w mU t Bununglinn 
J806 •Browno, Tit\ J II I wdhniii V ic , Soltingli im 
1802 •Browne, Lob it 1 lin I m lun , B V BiownnelhU Lailow lieland 

1872 iBiiwm It Afocklcy, 1 GS \oitbtjidi, St Johns, Scunooks, 

Kent 

1875 IBiowne, Walter II Budgwalti 

18(>5 *BrowuP, William, M 1) 3 ho 1 nan, I ithheld 

1805 tBrowillng, Tolui, 1 R VS 111 Aimonts liondon, 3 
1855 ^Brownlte, Jamea, ]un 30 Bimibauk gordt^ns, Glasgow. 

18 )i IBiownlow, AA illmni B A ilia place IIiiU 

1863 •Brunei, H AT 23 Tbhhny-atrcet, VNestmiiistor S W 

1863. :f Brunei, J 2 J JJtlahav atrci t, AVcatiniimtti, S AV 

1875 •BnmUcM, Tamoa, C I ,1GS 5 Victoria-aticct, AVp8tnun«ter,S \V 

1876 §RuLnl s, John 5 Victoria stieet, Wcstminatcr, S W 
1871 ilintnttow, 1 

1808 tEni NTov, r Lat m rt M 1) ,1 It S 23 Somcrset-atrcet, Portman- 
equ uo, J oudou, AV 

1877 §Bn ant, George, India (l(Rce, I ondou SW 

1875 jBr^aut, G Squior 15 AVhite Ladies -road, Oliftou, Bnstol 

1875 §Br>ant, Alisft S \ IhoCa'^tle Denbigh 

1861 ifBi}(e, Tam ^ York Place, 1 light i Hr night on MancUcatcr 

BiCYe t I vMi H, AI A ,I L D , t 11 b J , 1 u S 18 Alorningsidc'phice; 
3 dinburgh 

Bhycf, Rev 11 J , LL I), Pnncipal of Belfast Academy Belfast. 
1859 JBiyaon, Williain Gillcspn Cullen, Aberdeen 
1867 fBuccLKucM andQuR^^yBKRny,Hl»Glaceth6 Duke of,K G , U C L, 
I IIS L & L,1»LS AViutehnll-gardenfl, Loudon, S W , nutl 
Dalkeith Ilouse^ Edinburgh 

1871. §Buchak, AxBXANDm, M A, i B S E, Sec ScottiBh Meterologlcal 
Society 72 Northumberland-streot, Edinburgh. 

1887 JBuchan, Thomaa Strawberry Bank, Dundee. 

Buchanan, Anduevt, M D l^rofeseor of the Inatiiutea of Medudne 
in tho University of Glasgow, 4 Ethol-place, Glasgow. 
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Year of 
Llixtion 

rtucliftnan^ Arcliibald. Cfttrine, AyrsLire. 

Buchnnan, 1) C. Poulton cum Pcacombc, Choshiic. 

1871 ^Buchanftu, John Y 10 Moiny-place, Edinburgh 
1H04. §BLCKnK, Oronor, MA ertoii Vic mage. B itli 
1805. •Buckley, Henry 27 AVhcolov’M-read, ICclgbaston^ Tiiimiiiglimn 
1848. •BvckmaN, ProfesflOT J \meh, E Tj S ^ F (i S Bnulfonl Sher¬ 

borne, DoiHettfliiio 

1800, ^Bnckuill, J C , B , F.ll S 30 Wnnpole-'^lieet, London, W, 

1851 *131 CKTON, Gj OROi J3o>viiki. r, F II S , F L S , T’ ( ’ S. AVeycomhe, 
Haslemeri, Sunev 

18-18 •Budd, Jauks Palmj ii Y'staljdi ra Irf)ii AVoik*^, 8uan'?on 

1875 §Budgett, Samuel Gotliam lion so, 

1871. §Bulloch, Matthew 11 Paik-circue, Ula'igow. 

1845. •Bund mi Y, Sir Citarti s J wn s Fox, Bait, F It S , F L S , F G S , 
F li G S Barton llall. Bin v St LduuiucL 
1805 JBunce, John I^fackray * Joinna] Gfh(‘i‘,’ New-street, Bmiiingliam. 
180il §Biinning, T Wood Institute of Mining and Ah chauicnl Enginei'rH, 
N e wcastl 0 -on-T^ lie 

1812. •Burd, John 5 (lowtn-Hiicet, TiOiidon, AV C 

1876 :J:Bardor, John, M 1), 7 Scmlh Parade, Bnatol, 

1800. f Burdett-Goutta, Bainnesa Stratton-strecd, Pucadill), TiOndoii, W. 
1874 1 Burden, ITeim^, A! 1) Ghindehoie, iklfast 

1872, •Burgeas, H(3rbfjt 02 JJigh-stuefc, Buttle, Suarcx 

1867. Latdnei^LLIJ 

1805. \Bn}kef Luke 5 Albat Pemwe^ Acton, London, IV, 

1809. ^Butneli, Arthw Coke 

1870. §Bumot, John 14 Victona-erestent, Downnhill, Olaagov 

1869, tBurnett, Newoll Belmont-strc'et, Aberdeen 

1800 IBurrowfl, Alontngue. M A , l^rofeBsor of Modem Tlistiiry, Oxford, 
1874 §Burt, liov, J T iWudnioor, J^eika 

180(5 •BimTON, FtiFitFRn h Af , F(l S llightield, Gains])orongh 
1804. JBush, AV 7 Circus, Bath 

Bufthidl, Chnatopher lineal Assumnce-buildings, Lircipool 
1855. *Bu8K, Gfoiu+k, FK S , V‘P IjS, F(i S 32 -Miud, Caven* 

dish-square, London, AV^ 

1867 IButt, Isaac, Q O , M P. 04 Eccles-gtrcct, Dublin 
1855. •Butteiy, Alexander AV Cardarroi h House, near Airdiio. 

1872. JBuxton, Charles Tjouh. Cromei’j NorfoUr 

1870. jBuxton, David, Principal of the Li\ orpool Deaf and Dumb Institution, 

Oxford-stroet, Liverpool. 

1808 tBuxton, S Gurney Cation ITall, Nor’ttleh 
1872. tBuxtoii, Sir T. Fowell Warlie^, AV'^althmu Ahhoi, 

1851. iBykhdky, Ihaap, F L S. Seacombe, Livei'pool 

Byng, William But4miaa 2 Baok-Hticet, Ipswuh 

1852. IBymo, Very Rev, James Eigenagh Rectory, Omagh. 

1876. §Byrom, W. Ascroft, V G H. 27 Krng-street, Wigan 

1868, §Cnil, John. Stokosley, Yorkshire^ 

18^. tCail, Richard Beacousficld. Qateshcad 

1864, iCuino, Nathaniel. 38 Belvedere-road, Princes Park, JJvorpool. 
1858, *0aine, Rov. AVilHam, M A. Christ Church Rector;; ^ Denton, near 
Manchester 

1870. SCaird, Alexander M‘Ncel. Genocb, Wigtonshire, 

18^. tOaird, Edward. Finnart, DiinibartorwhiPP. 

1870. §Caird, Edward B 8 Scotland-street, Glasgow, 

1801. •Oaird, James Key, 8 Myrdflleno-rond, Dundee, 

18W. *Caird, James Tennant, Belleaire, Greenock. 
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LIST OF ttBMBBRS. 


Tom of 
Blection. 

1876. }:Oaldicotty liev. J. W., D 0 The Gmumiar School, Biietol. 

1808. tCalej, A. J Nonnch 
1808. ^;Calcy, W Norwich 

1867, fCallan, llev. N. J., Profcsaor of Natural Philosophy in Mayiiooth 
College 

1863. JCalver, OapUin E. K , H N , F R S Tho Grange, BcOhill, Sum'} 
1876 JCamoron, Charles, M 1), LL.D , M P. 1 HuTitly-|mrdeus, Glasgow. 
1867. tCameron, Obarlos A., M D 16 Pembroke-rond, llublin. 

1870 1 Cameron, John, M D 17 Rodney-street, Liverpool 

1867. *Cftinj 5 bGll, Eugald, F C S 7 Quality-court, Chancery-laue, London, 

1874 *CiMPBRLL,SirGronQK,KCST,!VIP,l)CL,FRaS. 1.3 ('orn- 
wttll-gardens, South Kensington, London, S.W , ami Edeuwood, 
Cupar, Fife. 

('’ampbefl. Sir Hugh P. H, Bart 10 Hill-street, Berkelt^y-square, 
J^naon, W., and Marchmont Iloiise, hear Dunse, Bemidcshii c. 
*Ciimpbt'U, Sir James. 129 Balh-atrcet, Glasgow. 

1876 §tbimpboll, James A. .8 Claremont-terracp, Glasgow 

Campbell, John Archibald, M I), F R S E Albyn-ploce, Edinburgh. 

1872. ^Campuki.l, Rgv J R, BD. 5 Eldon-ploce, hfannlngham-lanc, 

Bradford, Yorkfthire 

1869 ^Campbell, William Bunmoio, Argylldiire 

1871. iCampboll, AVilliain Hunter. LL l> Grorffetowii, Diuurmra, Bnlibli 
Ginann (Mnsiirs. Bidgway & Sous, 2 Waterloo-placo, Jjundou, 
8W ) 

CAMi*nFLh-J OHNHTON, Albxandku RonKTiT, F R S 84 St G eorge’rt- 
equare, l^mdon, S W. 

J870. §Canipion, Frank, F G 8, F.R 0 8. The Mount, BufRehl-road. berby. 
1862. •Campion, Rev Dr William M. Queen’s College, CRmbiidgo. 

1868. *Cami, William 9 Southernbay, Exeter. 

1873, •Carbutt, Edward Hamer, O.E, St Aim’s, Biurloy, Leed^, Yorkbliire. 
•Carew, William Honry I'olo Antony, Torpoint, Devouport. 

1870. §Oarlile, Thomas 5 ot James’s-terraco, Glesgow 

Cablislk, llie Right Rev. Hahvev Goodwin, D D , Lord Bishop of. 
Carlisle 

1861. JCailton, James Mosloy-stroet, Manohoster. 

1867 iCarmichool, David (Engineer) Dimdoo. 

1887. lOamiicLael, George, ll Dudhope-terrace, Dundee. 

C(trmic?ia€ly JT, 

Canntchadf John T. C. Menu s Todd ^ Co , CorK 

1870. SCormjchaelj Neil, M D 23 South Cumberland-streot, Glnagow, 

1871. fCAnPBNTBR, Chablbb, Brunswick-square, BriKbton. 

1871. jCarpenter, Herbert P. 66 Regent’s Park-road, London, N.W. 
•Cabpbntrb, Philip PRAttsALL, BA.Ph.T) Montreal. Canada. 

of Dr. W B. Carpenter, 66 Kogent’a Park-road, London, 

1864. ^Carpenter, Rev, R Lant, B A. Bndport. 

1846. JCaupenteii, Widi.tam B, C B, M.D, LLD., F.R 8., FL.9., 
F.G.S , Registrar of the Univeraity of London. 66 Reffent^s 
Park-road, Ixmdon, N.W. 

1872. jOAttPBNTBlL William IjANT, B A., RSc, t’ O.S. Winiftod House, 

Pembroke-road, Clifton, Briatoi 

1842. -Oarr, WiUiam, M.D^ F.L.8,, F.R O.S f^e drove, BWckheath, 
8 E 

1867. 50;' OHUTHRM, WiLLlAif, P R.8., P.L.S., P.Q.8. Biitbh Huaeum, 
London, W.C. ^ 

1801, *Canon, Rev. Joiepli,lLD, M.R LA, 18Flks^itliat)l>^4e6,t)abUii, 



LIST^OF MEMBERS. 


IS 


Yo»r of 
Uleetion 
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1 t Sv ss 

Sir Rubcit Sales Brigade in 

^F^ I M \N 1 y Kpv ( K Gifig 

1 18 \ 2 

Origin anti History ol the 

( K N\nirRG \i I s from onpinaJ docu 
»iLt t Uy t en Su Y W Hamil 

TON Illu Iritions 3 voli 8vo, Gjs 

llibtoiy of the Royal Artillery, 

t mplcl f 11 the or j^inal Rcc rds 
By Majoi I D ncan KA Portiaits 

2 vol 8v 3 s 

Ihe English in Spain j or, the 

Ihe St ly of the C vl War let cen 
Christ si It rl St? in 1834 184 

By Mij r b I) ni,an RA With 
platcb Bvu 

Personal Narrative of Events 

lit} T d r ni, I r\b Igin b Second 
ill V By H B I( H illusira- 

t s t St F VO 9S 

Histoiy of the Eastern Church. 

By DcaiiSTAMUV Plans 8vo 12§ 

History of the Jewish Church 

By Dciii Si AN I I-V Jhtrst find second 
serits PUiis 3 vols 8vo, 245 /htrd 

V ri J- 8vo 14s 

History of the Church of 

Slom \nu By Dean bTASLfiV 8vo, 
7 S fd 

History of the Popes of Rome: 

P liLi M in 1 > crlcMlineal By LicoroLD 
Ranke inn Uicd by Mrs Austin 

3 vols 8 vo 30 J, 

Deeds of Naval Daring, or, 

Ancod tci of the Brush Navy By 
Rdwarij C IFFIKD Fcap **vo, jx. Cd 

Ertneh in Algiers^ the Soldier 

f the I rcifcn Legion- nd Prisoner* 
of Ab 1 cL Kad r ini latcd by Lady 
Duff Gordon Poll 8vo, as 

The Huguenots in England 

ft Ireland their Settlement!, Churches, 
and Jidustncs By &amubl Suilu 
C rown 8VO 78 6d 
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Dr WM Smith ind Br fe^s r Wa( k, 
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Lives of the Lord Chancellors 

an 1 Katci KR*; f the < rla r Skat of 
BncLanp from the Earlic t i iiiicb to the 
dc Hh of I 01 1 El 1 1 1838 By I rd 
Cami hell 10 V K post 8vo 6^ ct I 

Lives of Lords I yndhurst and 

Bruusham By LfOrd Cami bvli &vo 
161 

Life of Lord Chancellor Bacon 

By I ord C-v&teHRt t Tcni; Sv s Gd 

Lives of the Chief Justices of 

En land fiom ll f* Norm'll C nq icsl 
till ilic dcith f L ri lentcrdci By 
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Life of Lord Chancellor Fldon 

By Horace 1 wjsb Portrut a vols 
post Sv-f ars 

Biographia Jundica, A Bio 

graphical Dictionary of the Judgcb of 
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Edward Fobs t b A Medium Bvo, 
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Monographs Personal and So 

cial By Lord Houghton Poitruts 
Crown 8vo io« 6d 

Monographs Social and Liter 

ary By Lord Houghton Portraits 
Crown 8VO ^Prffanng 

Diary of Countess Cowper, 
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Life of Lord Abinger, includ 
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By hU Sun With Portrait Bvo %$•% 

Lives of the Engineers t rom 

the Earliest Tunes to the Death of the 
Stephenson* With an Account of the 
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Uve By Samuel Smilek 9 Portrait* 
and 340 Woodcuts, 5 voU crown 8vo, 
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Lives of the Warriors of the 
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Life of Bishop Klu By A Lay* 

MAN I rtrail ioIn faio j8s 

Self Help With Illustrations 
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Sam ri Smiies Pofit 8vo, 6s or m 
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Character, a Sequel to Self 

H Ip B> Samlll SmiiRS Post Bvo, 
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Thrift, a Book ot Domestic 

C ui cl By Samlki Smilks Post 
8vo 

Industnal Biofcraphy or Iron 

Workersand I ol M'lLcr^ By Sami KL 
Smuts Post 8v^ 6s 

Life of a Scotch Naturalist 

I IK MAS hnwAHi) By Samufl 
M rirs IlIiistr'Kcd Crown 8vo 
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Memoir of Sir Roderick Mur- 

CHTSON W th Notices of his Conltm 
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the Histonm of Cireece C milled 
from tamly D«Kumcnts By Mrs 
Gr>je Portrait 8vo las 

Memoir and Correspondence 
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With Portraits Crown Bvo laa 

Personal Recollections, from 
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sille Portrait Crown 8vo, 12s 

Life and Death of John of 

Barnfvklu Advocate tfH dland With 
T View f the Prim iry Causes and Move 
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By J L Motley Illustrations 2 vols 
Bvo aBs or Cabinet Edition, 2 voU. 
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Memoir of William Ellis, the 

Missionary By his Son With hi# 
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Life & Times of St Chrysostom. 
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New □ d Unj 1 hed Du 1 y 

TA<ko alOHt A L 
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The Early Life of Jonathan 

Sw FT At agn c t By the 1 c 
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8vo 153 

I ifc of Dr Samuel Johnson 
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Sr Water Sc t Sr I c M k \ 
I) rad Ma k and Lo IcJ 4 l Me 
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Life and Letters of Loid Byron 
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King William IV s Corre 
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Life and Times of Cicero his 

Character as a Statesman Orato a d 
Fnend W ih a bclc t fro n h *» t or 
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Life of Theodore Hook By 
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Memoir of Sir Charles Fast 
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to h Con bu o h I rat re of 

tl h nc V 3 8 4 

T cltcis of Sirah Duchess of 
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1 fij i* tAtbog apl y 
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C LLL C VF ( ONDF DkAKK, 

M NR Sc Ji t a d C h 
LI V p 3 

Character \ctions, and Writ 
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I p o o 6d 

Na[)olcon at Fontambleau and 

1 1 ng J n 1 f O s 
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letters and Journals of the 
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R Bv 14s 

Life and limes of Sir Joshua 
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Lives of the i -irly Italnn 
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1 I K It > f o C 1 to 
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Life of Horace By Dean 
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Life of Bchsaniis By Lord 
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I ifc of \\ ilham Pitt with 
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va 45 

Brief Memoir of the Princess 

Char 1 Wa By 1 a ly Kosk 
Wk all 1 ortra t Cro^^n Rvo 8a 6d 

Life of Bishop Si-MNi-R during 

an Lp sc t f Forty Y a s By Rev 
Cji H Sumnek Portra t 8vo 14*, 

Life of William AV Iberforce 

By b 1 Son Portrait Pott 8vo, Ga 
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Life and Adventures of Sir 
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Memoir of Sir John Biirgoyne 

Hy Sir Francis Hhao Post 8vo rs 
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Private Diary of General Sir 
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in iBia 1814. Map 3 vols Bvt., 

Autobiography of Sir Robert 
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Memoir of a Church Mission 

'try m the North American Colomca. Hy 
Rev J Aboopt Post 8VO as 

Memoir of Dr Conolly, com- 

prising a Sketch of the Improved 7 rent 
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America Hy Sr James Clark Por 
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Remains of the late Emanuki Drutbch 
Wiih a Brief Memoir 8 vd, las 

Memoir of Patrick Fraser 

Tytler By Rev J W Burgon, M A* 
Crown 8vo, 9A 

Memoirs , By Sir Robert Peel 

Edited by Earl Stanhopr and 
Cakdwkil a voIs poitt Bvo, 15s. 

Memoir of Bishop Blomfield, 

D D By hi» Son Portrait Post 8vo, 
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Memoir of the Life and Works 

of Sir Charles Bar»v, R A. By Canon 
Barry, D D Illustrations &vo, ijs 

Reminiscences of Forty Years' 

ShRViCK IN India By Lieut Gen 
Sir Gvorge Lawkxncc Inchiduig the 
Caubvil DiftAStere, and Captivities in 
AiTghanisUui Crown 6vo, los 6ct 


GEOGRAPHY, VOYAGES, AND TRAVELS, 


The Baat—India, China, &o. 
Travels of Marco Polo A 

new rnglibh verson IlUi^trated with 
cop OILS Notes By Col Yiis, CB 
lllustnilions 3 vols 8 vo, 6 js 

A Visit to High Tartary, Yar- 

icANi 'ind Kashgar and over the 
Karakorum Pasi By Roukrt Suaw 
I llustrations 8vo 16s 

Adventures in Central Asia, m 

the Dia^iKc of a Dervish from Teheran, 
acro^i* uic Turkoman Dchcit to Khiva, 
Bokhara, and Samarcand By Arm i nius 
VAME&itY llluslruUon^ 8vo, a is 

New Japan , The Land of the 

Rising Sun lu Annals rluring the past 
twenty years recording the remarkable 
procrcAs of the Jipancse m western 
Civilisation By Samlel Mossman 
Map 8vo, 151. 

A Cruise m the Eastern Seas, 

from the Corea to the River Amur With 
on Account of Russian Siberia Japan 
and Formosa By W B Baj<, R N 
Map With Illustrations Crown 8vo, 

X3S 

Travels of a Pioneer of Com- 

MERce on an Overland Journey from 
China towards India T T Coomt 
lUufttratiomi 8vo, x6a 

Letters from Madras. By a 

Ladv Foot fivo, M. 


A Narrative of Journeys in 

Peru and India for the Conveyance of 
Plants and Seed and some Account of 
the Chincoua and of the Fiantauoni 
atrea^ formed in Sikkim, the Nedger 
nes C^lon, Java etc By R Mark 
HAM, C U Second Edition llluitra 
tions 8 VO 

Journey to the Source of the 

River OxUb, by the Indus Kabul, and 
Badakhshan By Capt John Wood 
With an Essay on the Geography of the 
Valley of the Oxua, by Col Yulb, C B 
Map 8VO, las 

Siam, Cambogia, and Lao * a 

Nairauve of Travela and Ducovenoi 
By Henri Mouhot lUustrftUoiia. a 
voU 8 vo, 33 * 

Thirteen Years’ Residence at 

the Court of China, m the Service of the 
Emperor By Father Ripa Pott 8ro, m. 

Two Visits to China. By 

Robert Fortune. Illuatnuono. a volo. 
post 8 vo, iBa 

Peking and the Pekingese, dur- 

ing the Fir« Year of the Briliih Em 
bassy By D F Rennib, M D IUu*- 
trationa a vols post 8 va 3 ^ 

Popular Account of the Man- 

ners and Customs of India. By Rer 
Chas Acland Post 8 vo, «a 

Nineveh and its Remains. 

With an Account of a Visit to the Chal¬ 
dean Christiaxu of Kurdistan, and Um 
Y esedis or Devil Worshippers, Ac. By 
A. H Layard. THustjnBoni, t t«la. 
8 vo, 3 | 6 i , or poet 7 %. M 
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Nineveh and Babylon , a Nar 

mi VC of 1 b<c nd Expedition to the 
Rums uf Assyria with J ravcla in Ar 
mcma By A H J ayaki> lllustra 
frions 8vo, ais or post 8vo, 7s 6d 

Afrioo—Egypt. 

A Popular Account of Dr Liv 

Liilistuuc s I ravels and Adventures m 
South Afnoa 1840 56 lllustratious 
P >at 8vo 7s f d 

A Popular Account of Dr Liv 

ingni^ncs fexp-diuon lo the Zambesi 
Lakes Shirwa tiij Nyassj 1858-64 
Illustrations I ost 8vo 7s 6d 

Dr lAvingstone’s Last Journals 

in CttNTRAL Akrtca 1865 73 With a 
Narrative of his lost n nments and suffer 
inga By Kev Hi>ka(.k Wali br II 
lustrations a vols 8vo 28s 

Livingstonia Journal of Ad¬ 
ventures m Exploring the LnkcNyassa 
and establishing, the above Settlement 
ByE I) Y0UN6 R N Map Po&t8v 

Explorations in Equatorial 

Africa, with Arcounts of the Savage 
Iribes the (^onlla Nest Building Ape 
&c By P DU Chaillu illustrations 

6 VO, 31 » 

Journey to Ashango I.and, and 

Further Ponctraiion into Equatorial 
Africa By P B DU Chailcu lltus 
trationa. 8vo, a is. 

Wanderings South of the Atlas 

Mountains 10 the Great Sahara By 
Canon Tristram Illustracions Pcu>t 
Bvo, 15s 

Five Years' Adventures m the 

far Interior of South Afnca with the 
Wild Beasts of the Forests By R 
Gordon Cumminc Woodcuts. Post 
Bvo, 6« 

Sport and War Recollection* 

of Fighting and Hunting ui South Afnra 
1834 67 with an Account of the Duke 
of Edinburgh a Visit By General 
Bissrt, C B Illustrations. Crown 6vo 
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Western Barbary, Us Wild 

Tnbos and Savage Animals By Sir 
Drummond Hay Post 8vo, as 

A Residence m Sierra Leone, 

described from a Journal kept on the 
Spot By a Lady Post Evo js 6d 

British Mission to Abyssinia 

With Notices of the Countnes traversed 
from Mawowah, Chrou|^ the Soodan, 
RBd back to Anneiloy Bay from Mag- 
dabt By Hormuzd Rasram IUus- 
trationi. t voU 90a. 

Sport in Abyssinia. By Earl 

of Mayo lUtnfrvBinu Ccowu Bro, in 


Abyssinia during a Three 

Years RcMdcnce Bv Man'^fielu Par 
xvNs Wofdtuts Post 8VO 7s 6d 

Adventures in the Libyan De¬ 

sert By B Sr J:)hn Post 8 vo as. 

Travels in Lgypt, Nubia, Syria, 

an 1 the Holy Land By Captmui Ikry 
and Mangles Post 8vo js 

Ihe Cradle of die Blue Nile 

A Vi'tit to the Gjurt of King J hn of 
I ihi pia ByE A naC iisson F R G b 
With lllu<itrjtio is a voIx post Svo ais 

An Account of the Manners 

and Cust ms f the Modern Egyptians. 
By Edward Wm Lank WoodcuU. 
a v>ls post Svo :a* 

Madagascar Revisited, De- 

ecrbtiig the Events of a New Kcign, 
and the Porsecuticnx endured 1^ the 
Chnslnn Converts By Rev W El t is 
Illustrations, 8vu, 16s 

Mediterranean—Greece, 
Turkey m Europe. 

Athens and Attica By Bisliop 

WoRtswoKTii Illustrations Pott 

8vo 53 

Travels in Asia Minor • 

With AiUiquanan Researches and Disco* 
Ycries and lUu'itraiions f Biblical I itera 
ture and ArchscoIoBv By Henhy Van 
Lknnrp DD Ulustratvunt a volt 
post Svo 343 

Iroyand its Remains A Nar¬ 
rative of Discoveries and Researches 
made on the Site of Ilium and in the 
Trojan Piajn By Dr Sthlikmann 
W ith 500 lUuslrationt Rojral Svo, 4x1 

Discovenes on the Site of 

Ancient Mycerue By I>r Schlikmann 
lllu<vtniiUonft PloiiB, etc Medium 8vo 

Cyprus Its Ancient Cities, 

lombt and Templet A Narrative of 
Researches and ExcavaUonsi dunng 
Ten Yean Residence in that lalamT 
By I^iitP n CbNOLA Maps and 
lllutiratJont Svo 

Between the Danube and the 

Black Sea or Five Years lu Bulgaria. 
By H C Barkley Post Bvo i« 6d 

Resfcarches in the Highlands 

ofTurkoy In Albania, Moniencgro, etc 
With Notes on the Classical Supentitiont 
of the Modem Greek By Rev H F 
loZBR lUuttratiops. a vols. crown 
8vo, a4S 

Lectures on the Geography of 

Greece By Rev H F Tozu, M A 
Map, PcMt Svo, ps. 

Visits to the Monasteries of 

the Levant By Hon Ro»K]tTCu»»H 
WoodcutiL Poet Svo, 7a, 6tU 
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Journey through Albania and 

other Provinces of turkey m Ftr pe 
and Asia to ( unstantmople 1800 1 
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a voU Svo 3061, 

Reminiscences of Athens and 

the Morca during Travels in Crecce 
By Lord Cahwarvon Crown 8vo 
78 6 d 

Greece—Pictorial, Historical 

and Descriptive Fy t 1 r stopher 
WoKosviOKrH UD with 600 lUustra 
tions. Royal Bvo 

Asia, Byna, Holy Xiand. 
England and Russia in the East 

A Senes of Papers the Political Tnd 
(Teogranhical C nditioii of Central Asia 
By Sir Henry RAwr iKSoN Map Bvo 
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Travels in the Eastern Cauca 

ftUfl the Caspian an 1 Black Scan Dag 
hcftlan and the Frontier of Persia aid 
Turkey By Sir A Cunynchame 
fllustratlons 8vo iSi 

The Caucasus, Persia and Tur 

key in Asia. Being a journey to Ta 
brcci Kuriistan 1 wn the lip is anl 
Euphrates to Niiievch and Babylon and 
acres* the Desert lo Palmyra By 
Baron Thiblmank IransUtod by 
ChA 8 Heneatr, Illustrations 3 vols 
po*t 8ro i8» 

Amnema and Frzeroum, a 

Year on the Frontiers of Russia Turkey 
and Penua By Hon Rohrrt Ci R20N 
Woodcuts Post Svo 7s 6<1 

Nablus a Narrative of a Three 

Month* Residence with the Modem 
Samaritans By Rev John Mills 
llluHtratians Post 6va los 6d 

Sketches of the Manners and 

Cufttonu of Persia By Sur John Mal 
COLM Post 8 yo 3* 6d 

Rambles in Syna among the 

Turcomans and Bedawcen*. Post Svo 
loa 6d 

Journal of Researches m the 

Holy Land m 18:58 and 1853 With 
Hifttoncal lUustrauoni By Fdward 
R osiNftOH DD Mnps. 3 vqU 8vo 43s 

Sinai and Palestine , m Con 

nection with their History By Dean 
Stanley Plans flvo, 14a 

The Bible in the Holy Land 

Extracts from the above Work Wood 
cuts. Fcap Svo as 6d 

Damascus, Palmyra, Lebanon, 

With Travels among the Giant Cities of 
Bashan aiid the Hauran. By Rev J L 
PoETKit Woodemta. Poet Ivo, 7* Cd, 


Ihe Jordan,the Nile, Red Sea, 

lake >f Geimesttreth eti. the Cniiie 
of the R b Roy in Palesunc, Eryi t 
and the Waters t f Danlq^c^•i ByJtHN 
MACCKHroR IlluWrations Post Svi. 

7* 6d 

The Land of Moab Travels 

and I> SLovcnr'i on the hsst *iide of ibe 
Dead ScB and the Jordan By C inon 
Irisiram Illu^lrationi Crown bvo, 
'S» 

Australia, Polynesia, &o 
Discoveries in New Guinea 

A ( T use in PolyncMa and Viwts to ibe 
Pc'irl Shelling Stationi in Torres Strait* 
By C aptain Moresby, R N With Map 
aui Illustration* 8vo 15ft 

A Boy’s Voyage Round the 

World By Sami ei Smiles the 
Y linger Small 8vo 6 b 

Hawaiian Archipelago, Six 

Months among the Palm Grove* Coral 
Reefs and V^canoes of the Sandwich 
Islands By Isabriia Bird Illu* 
trations C ri wn 8vo 7s 6d 

Ride Through the Disturbed 

Difttncts of New Zealand to Lake 
1 Aupo at the time of the RcbeUton with 
note* f the South Sea Tul-uid* By Hon 
Hkrdbrt Mbadr, R N llluitxations 
8va iM 

Typee and Omoo, or the 

Marquesas and Soi ih Sea i*lAndera By 
Hermann Melvii LR. 8 vols post Bvo, 
78 

Recollections of Bush I ife in 

Australi during a Residence of Eight 
Yean in the Interior By Rev H W 
HAvrAHTH Post Bvo 2\ 

Notes and Sketches of New 

South Wales By Mr* Meredith 

Post Bvo 3ft 

Mutineers of the “Bounty,” 

and their Descendanti with their Set 
tleiuents in Pitcairn and Norfolk Iftlands 
By Lady Belcher lUwftttutionft Port 
8vo laa 

America, West Xndles, Axetio 
Beffions. 

Mexico and the Rocky Moun- 

taiiiB By George F Ruxton Poftt 

8vr 31 6d 

Pioneering in South Brazil 

Three Yean of Fore*t and Pram* Ltfd 
\n the Province of Porafla By T P 
Birr Wither. With Map and llln«tra 
Uon* ft volft tKrtt Svo, 

The Naturalist on the River 

Amazoni, with Adventure* during 
Eleven Yean of Tnvet By H W 
Batu lUutCTEtioci*. Port 8^ 7*. 0d 
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Voyage up the River Amazons, 

aiid a viMt to Para By Wiiuam H 
Edwards Pott 8vo 

Naturalist in Nicaragua A 

Narrative of J ^uniryM m the Savannah* 
and 1 oresiA Vi th observat ns i 
Animalt and I la n By liiuMAS 
Bult IMuktraUoni Pott bvo ut 

Journeys acroi>s the Pampas 

by Sir h RANCis Hrad P ni 8v 

Voyage of a Naturalist round 

the Wjrld By Ciiarlls Dak vin 
P ost Bvo gi 

The Patagoniins, a Yeirs 

WaTnlcnng over Untrodden Cl oui If i 
the Straits of Maectlnn to the Ki Nc^r 
By Capt, O (J Musters lllu^^tra 
liuo.* Post 8vo 7H <> 1 

Voyage of the “Pox’ in the 

Arctic Seas an! the Discovery rf tie 
F ite of Sir J hti I*rmklin aid h s < nm 

r tniona By Sir Lr j oi n M C lin i ock 
liusrrationa. PjstSvo 7s 6d 

Perils in the Polai Seas Inie 

Stones of Arctic Discovery and Adven 
ture By Mrs CHisiiOtM lUiutraUuns 
Small Bvo 6s 

Captain Nares* Official Report 

to the Admiralty f the Recent Arctic 
Expedition With Chart. Bvo 2s bd 

Winter Tour tn the United 

States By Rev F Bahham /iNCkF 
Pont fivo r is 6d ' 

Discovery of the Great West 

or the Valleys of the Mississippi and the 
I^kw of North Amern a By Francis 
Pakkman 8vo lott &d 

British Columbia and Van 

coirvER Isi AND tbcir Forests Rivers 
Coasts GuldhcJds and Resources fnr 
Col msaUon ByCnptain Mayne, R N 
lUubtrations Bvo, xo» 

Communistic Societies of the 

United Statrs Shakers theAmana 
Oneida Bothell Aurora. Icanan and 
other Societies their Relipout Creeds 
SoGud Practices and Present Condition 
ByCHARLOf Nordhoff IDiutraUons 
8vo, 15a 

Journal of a Residence in the 

West Indies By M G Lewis Post 

&VO, as 

Europe. 


Diary of the Shah of Persia 

diuiBf hii Tour throu^ Kurope in 1873 
Pran^ted by J W RkoHouse Por 
trait Oowft fivo, xas 


Etchings on the Mosel * a 

Senei of Twenty Plates, with Dascrip 
tive LttterprsM By Eknrst Gboror. 
Fobo. 4» 


Ltchings fiom the Loire and 

S ithofhruie In « Scries of T wenty 
PI itcs w ih Dc^cr ptive Text By 
i RNESrCiK Hrp I I| 

Leaves from My Sketch Book 

A selection of Sketches male during 
many lour* By h VV Cookh RA 
35 Plates Small f I11 31s, 6d 

Summer and Winter in Norway 

By t adj, J)f Blauci SKC Woodci ts 
Pos.t By 6s 

A Month in Non\ \y By J G 

Hoclw\ v fcap 8v js 

Letters from the Shores of the 

Baltic By i Ladv Pokt Bvo as 

Letters from High Latitudes 

An A cot nt of a Vachl Voyage to Ice 
1 1! Jan M i>cii and Spit^tx-rgen By 
L I i 1)1 hi ERIN Illui.iraUan* Crown 
8v 7s 6d 

Ihe Land of the North Wind 

FraveU am ng the I aplandcrs and Sa 
m yc Ics By h dward Raw Map 
W w) 1 utB Pisl 8vo io« 6d 

llie Country of the Moors 

A J umey from Tripoli m Barbary to 
the City of kairwan Ly V DWaRD Ka« 
Crown Bvt> 

1 he Bible in Spam, or the 

Joi rneys Adventures and Imprison 
nicuts r in Lngli^ihman in the Peninsula 
By OttORCtt Bokruw Post Bvo, 58 

Ihe Gypsies of Spam, their 

Manners, Customs Religion and Lan 
jfuage By (jKORCK Borrow Post 8vo, 
55 * 

Gatherings from Spain By 

RichARD Ford Post Bvo, 3s 6d 

Portugal, Gallicia, and the 

Basque Provinces By Lord CaicnaR 
VON Post Bvo 3* 6d 

Visits to Italy By Lord 

BiroycHTON a vols postSvo, ifij 

Brittany and its Byeways, with 

some Account of its Inhabitants and its 
AnDqumes By Mrs Pallisul Ulus 
Intions Post fivo, xas 

Two Years’ Residence m Jut- 

LAND, the Danish Isles, and Copenhggeo 
By HoRAca Marr^at lUuilracioiii 
s ToU. poet fivo, 34i 

Sweden and Gothland, By 

Horace Marrvat lllustratloiu a 
vols. post fivo, aSa 

Bubbles from the Bninnen of 

NarRau By Sir pRANCtft Hba& 

I Woodcuts. Poet 8vo, 7*. 6d 
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General Qeogn^aphy. 
Dictionary of Greek and Roman 

GcoKuph)' J-tiitLiI by ’W m SAliiH, 
1 > C L i V0I3 royal Bvi 565 

Atlas of Ancient Gcograjihy, 

Biblical arid i ] c rap led under 

llic siipcniKciulrnoc of Dr Smii tl and 
Mr Ghovr Folio, 

Student’s Manual of Ancient 

Gcogrnrphy By W J Bkvan, M K 
Woodcuts Fo^ 6 \t>, 71 C)d 


Student’s Manual of Modern 

(»e tgraphy, Matlirmatic'il Physical, and 
Descriptive By W L Blvan, M A 
Woodt uls Post 8 v(i, 7 s 6 d 

A School Manual of Modem 

igrnphv 1 Iiy^ical and Pr Iiiital By 
JuilN kuHAKUSON M A Posl fivo, 5 s 

Journal of the Royal Gcogra- 

pliif^l Sincty 8vo trym i8ji to the 
present time 

Alt ol Travel; or Hints on 

the *>hirts and C Jiitrivince^ available 
in ^ lid Countries By I’liANcit Galtom 
W oodcuU Post SVoj 7 B C>d. 


HANDBOOKS FOR TRAVELLERS. 


Foreign. 

Handbook — T ravel Tal k, — 

kngltsh Ficnch Gcnnm and !t than 
Arringcd fur pr ictical uw: 161110, 

6d 

Handbook—Holland and Bel 

giuni Maps md Plans P >hi 8 vo, 6b 

Handbook—dhc Rhine and 

North Gentiaiiy Pru«>u, Saxony, II411 
over, Llsass, cU. Map atid Plans Post 
8vo, lua 

Handbook—Switzerland, The 

Alps of S ivoy, and Piedmont Maps 
Post 8VO, 9b 

Handbook—Sou th Germ any, 

1 yrol, Havana, Austria Salzburg, 
Stvna, Hungary, and the Danube from 
Ulin to the Black Sea Map and 
Plans Pobt 8vo, los. 

Handbook—France Part I 

Normandy, Pnitany, T he French Alps 
DauphuiA Map aud Plans Put,! Bvo, 
7s 6d 

Handbook—France Part II 

Provence, French Alps, Dauphimf 
Auvergne, Alsace, etc Map and PUiis 
Post 8vo, 7s 6d 

Handbook—Pans and its En- 

vironft. Map i6mo 3s 6d 

Handbook -— Mediterranean 

Islands, Corsica, Sardmii, Malta, and 
Sicdy Maps Post 8vo [/m tk« Pr€st 

Handbook—Algeria. Algiers, 

Constantin, Onm, tae Atlas Range, etc 
Maps Pott Bvo, 9s 

Handbook — Spam, Madrid, 

The CastUes, Bascrue, Astunas. Oalicm, 
Estremadura. ^VndalusiAf Ronoa, Gran 
•da, Murcu^ alcncia, Cataluau, Arm on, 
Navarre, Balaanc IsUads. ^pa 
Post Bvo 


Handbook—Portugal, Lisbon, 

Oj orlii, Cintra, MMra Mip Po&t 8vo, 

13 K 

H indhook—North Italy, Pied 

in n( Nice, Irmlnrdy Venire, 

M idciia Jitd 1<nini4,,na Maps ana 
1 Uivs Pest 8vo, lus. 

Handbook—Central Italy, TuS^ 

cany, Florence, Lucca Unibna, Ihc 
Marches, and the PaUinioiiy of St Peter 
Map Post fivo 10s 

The Cicerone, or, Art Guide 

to Painting m Italy By Dr Jacob 

Bl RCKHAHOT j’oht 8vO, tH 

Handbook—Rome and its En¬ 

virons Map and Plans. Post 8vo, los 

Handbook—South Italy, Two 

Sicilies, Naples, Pompon, Herculaneum, 
Vu'iuvius, Aoruai, etc. Maps Post fivo, 
108 

Handbook—Egypt, the Nile, 

Fgypt, Niihia, Alex indna, Cairo, Fhe 
Pyramids, Ihclves Suez CoimI, Ptnin 
stila of Sin u, Ihc Oases, the Fyoom 
Map and Plans Pont Svo, 15s 

Handbook — Greece, Ionian 

Isl^ds, CoiUincntal Greece, Athens, 
Pel iponncBus A* ffsean Sea, Albania, 
I bessaiy, and MacraouiL Maps Post 
fivo, JJV 

Handbook—Turkey m Asia, 

ConAtantmople, Ihe Bosphonw, Darda¬ 
nelles, Brousa, Plam of Troy, Crete, 
Cyprus, Srnyma, Ephesus, the Seven 
Churches, Coasts of the Black Sea, 
Armenia, MesupoUnua Maps. Post 
fivo, 15s 

Handbook — Denmark, Sles- 

Wig, KoUtem, C^nhagen, JoUandp 

IceUnd Map. Post Bvo, ds. 
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Handbook — Sweden, Stock 

holm I p'(ila Gothtnburj; the Sh es 
the Hal c etc 1 o L 8vo 

Handbook — Norway Chnsti 

an a Bergen Tr ndhjcm the hjel 
Iceland M p lostSvo 9*4 

Handbook—Russia St Peters 

bu g Mos ow Poland V nW I He 
C imea ( a casus S her nd Lent aJ 
As a. M ps Post 8vo 8s 

Handbook—Bombay and Ma 

dras Ma} 3 vols Fust Bvo xas ca h 

Handbook—Holy Land, Syria 

Palest nc bn Ed m 1 ul ll c Syr an 
De e ts Jcnjsalc n Pe a, Dam 
luid Palmyra Maps I □ t 8v aos 

Traidhnir Map of Pakstinty 

mied a d tn a Cast las. 

Engbeh 

Handbook—London as it is 

Map a 4 Plaim i6mo 3s 6d 

Handbook—Environs of Lon 

don w ih n TO m l s round of the Mcirw 
pol H 2 voU Post 8vo ais 

Handbook—Pastern Counties 

C! clmaford Harwich, Col 1 c ter Mai 
don Cmbr dge Ely Newn art t B ry 
Ipiwch W Jbr bolixstowc Lowe 
*tofV, Norwich Yarn uih Cr ner Maj 
and Plan< Pdst Bvo lis 

Handbook—Kent, CanterbuTy, 

Dover Ran sgatc Rucl ester Chatham 
Map P St Bvo 7s 6d 

Handbook—Sussex, Brighton, 

Ch cl ester Wurth ng Hasu gs Lewes 
Arundel Map Pott 6 to 6 b 

Handbook—Surrey and Hants, 

K ngiton Croy Ion Re gate C 1 1 
ford Dorki g Boxh )l W 1 cheste 
Southampton New Forest Porlsmo th 
Isle of w ght Map Post 8vo i » 

Handbook—Berks, Bucks, and 

Oxon W ndior Eton Read ng. Ayles 
l)ury, Henley Oxford Blenhe n and 
the rhamee Map Post Svo 7s 6d 

Handbook—Wilts, Dorset, and 

Somerset Sal sbury Stoi ehenge Ch p 
pen ham Weynouth Sherbor e WclU 
Bath Bnitol Taunton Map Fust Svo 

IPS 

Handbook—Devon and Corn 

wall Exeter, lifnicoinbe Lntoi) Sid 
mouth DawUth T« gr mouth Plymouth 
DevooporC Torquay, Ltunceatoa. Pen 
lance Falmouth The Lnand Lands 
End Map Poitlro toM 


Handbook—Gloucester, Here 

triad Wo ccstcr C rc center Chclt 
r 1 am, St o 1 1 pwVc 1 ry Lcom nstcr 
K s . Malv K 1 le n n cr Dudley 
Evesham M p Post Svo 

Handbook — North Wales, 

Ha gor. Comarvoi Bea mar s Snow 
d n Li'uibc s J gf ly fader Idn* 
Conway M p Post 8vo 7 s 

Handbook—SoutliWales Mon 

n h Llandafi Me tb^r Vale of 
N ath Pen br kc Carmarthen Tenby 
S V u «ea tl c Wyc Map P it Svo 78 

Handbook—Derby Notts Lei 

c^* cr and Staff d Ma lo k Bakewell, 

( hat-swurt! lie Peak Bux on Hard 
w k D vedale A hht r r ho thwcll 
Man frld Retford B rl Bel voir 
McltoiwMowbny Wolverhampton L ch 
fic d Wal -i I I'^mworth Mai Pojt 
8v gs 

Handbook—Shropshire, Che- 

h rc a 1 loi i h re Shrewbbury Lud 
low TBrldgnor h O’lwcs ry Chester 
C ewe AUc I v Stockport B rkenhead 
Wa r g n 1 u y Ma cl er laver 
pool Bu I y Cl hcrjc B 1 on Black 
b rn W gan Pre lo , Ho hdale I an 
CA icr Sou hport Blackpool Map 
Pual Svo lo 

Handbook — Yorkshire, Don 

c-uiter H IL Selby, Beverley Scar 
1 ough W! tl y Horrugate R pon 
Tosel* W k fell Bradford HolTax 
H ddcTsft M Sheffield MapandPbmv 
Post Svo, 128 

Handbook, — Durham and 

No thumberlnnd Newcastle Dortuig- 
ton R shop A ckla d Stockton Hartli 
p ol Sunderland Sheld Berwick lyne 
mouth Alnwick Map Post 8vo 9B 

Handbook—Westmorland and 

C ml crlftnd. I ancaster Fumexi Abbey 
A I les de Kendal W nder new Con i 
ton Kesw ck Cratmero I Kwater Car 
lisle O ukermo th i enr tb Apploby 
Map P St Svo 08 

TraiMng Map of tfie Lake 

Du inet 3J (fd 

Handbook — Ireland, Dublin, 

Belfast Do egal. Galway Wexford 
fork LuneMck Waterford KtUamey 
Muister Mop Pott Svo ixi. 

Handbook—Scotland, Edin 

burgh Melrov? Abbotsford Glasgow 
Dmnfr es Gall way Ayr Stlrl ng Arraa 
Iho Oyde Oban 1 versry Loch Lo 
mond LuchKatnneandTrmaachs Calo 
di>a an Canal Inveme^ Perth, Dondc*, 
Aberdaisn Braemar Skye Caitbtw 
Rou and Sutherland Mapa |utd PUns 
Post Ivo gs 
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Handbook for England and 

Wales AlphtiMitcally nrrangcd I 
condensed in one Volume Post *lvo 

Handbook—Herts, Beds, War 

wicW, and Northamiton 5vKp lust 
Svo {7ft frrf tr Uwn. 

Handbook—Huntingdon, Rut 

land and F incoLn ^^ap P Svo 

[/« PtfP trattoH 

Snglish Cathedrals. 
Handbook — Southern Cathe 

tirals W nchester Sal sbury Fxeter 
Wells Rochester Canterbury Chichcs 
ter and ,St Albania Illustrations a 
voii Crown 8vo ^ 

THt Sfifar tfriy 6f 


Handbook — Eastern Cathe 

draU Oxf rd Petorb r ugh Ely Nor 
wioh ami Lincoln Illustrations Crown 

&VO, i8s 

Handbook — Western Cathe¬ 
drals Bnstol Gloucester Hereford 
W recster dnJ I With 6 o Illus 

tr^t ons Crown 8vo, i6s 

Handbook—Northern Cathe 

drals York Ripen Durham Carlisle, 
Chester nnd Manchester Illustrations 
a sols Crown 8vo ais 

Handbook—Welsh Cathedrals 

Llandaff Sl David s Hangor and St 
A&aphs lUustraiious, Crown Svo, 159 


RELIGION AND THEOLOGY 


1 he Speaker’s Commentary on 

Thk BruLE ExpHn dory and Cnlital 
With a Revision f f the Iruslation By 
Bishops and Clergy of the Anel an 
C huTch Ed ted I y t in n C noK Me li 
urn Svo Old Icstamcnt 6 v Is 1355 
New lestament 4 vols X/h ih* Fr* s 

Dictionary of the Bible , its 

AntiquUieb Bngraphy Geography, nnd 
Natural History By various Writers 
Edited by Dr Wm Smith Illusira 
tions 3 vols Svo 105s 

Concise Bible Dictionary For 

the use of btudents and faimlieo. Con 
defied from the above Majis and joo 
Illustrations Svo Jift 

Smaller Bible Dictionary, for 

Schools and Youna Pcrv>n\ Ahndgod 
from the above Map» and Woodcutn 
Cr )wn 8v 1 7s 6d 

Bible Lands Their Modem 

Customs and Manners tllustrxtive of 
Scripture By Hknkv Van 1 fnnkf, 
1 )lustrations. Svo ais 

Dictionary of Christian Anti 

QUiTiBs compnam^ the History Insii- 
tuUons, and Antiquities of the Clhiasiion 
Church JLditcd by Dr Wm Smith 
and Professor CHBaTHAM Illustrations 
Vol I 8vo, 31s 6<f 

Dictionary of Christian Bio 

graphy Litoraturo Sects, sad Doc 
trfaias from the Times of the Apostles 
to the Age of Charlemagpe. Edited by 
Dr Wm Smith and Profewor Wacb 
Vol 1 9 vo, 31S 6d 

Church Dictionary By Dean 

Hook &vo, i6«. 


Student’s Manual of Ecclesias 

TiCAL Histohv y rom the earliest ages 
f the ( hnttuiu Church to the Reforma 
lion By Pump Smith B A Wood 
cuu Post 8vo 7^ 6d 

The Student's Manual of Eng¬ 
lish Church History from the Reforma 
t on to the Present Tune By Rev O 
G Pkrrv Pobt Svo 

Student’s Old 1 estament His- 

TORY From the Creation to the m 
turn of the Jewi from Ceptivity By 
Philip Smith Woodcuts, Post 8vo, 
7a rtd 

Student’s New Testament His- 

TORY With an Introduction cimueCt 
ing the History of the Old and New 
Icstaments, Hy Phii ip Smith Wood 
cuts post 6VO 7 s 6d 

Ihc New Testament Edited, 

with a short Practical Comtnento^, by 
Archdeacon Churton and Bishop Basil 
Jones. With 100 JllustroJUoni a vol* 
Crown 8vo, a is. 

History of I,atin Christianity, 

including that of the Popes to the Ponti 
licatc of Nicholas V ByDconMiLMAN 
9 vols. crowp Svo, 54s 

Book of Common Prayer , 

With Hnitoncal Notes By Rev Thomas 
James With Intuol Letters, Vignettes, 
etc 8 VO, 18s 

Signs and Wonders in the Land 

of Ham a description of the Ton 
Flames of Fgypt with Anoent and 
Modem ParalMand Illustrations By 
Rev T S Millington Woodcuu. 
8 vo, TIL ^ 

The Messiah A Narrative of 

jThe Life, Suffenngs, DeatlL Rwurree 
tion, «ad AtMudon of our Biewed Lord 
Mop «YO, 1B9. 
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History of the Lhristnn Church 

froTi tl e Apmtol c Kac to the Ref r j 
t n A 64 1517 By C» o Ko kkt 
* 50 N I Ira y ed t on 4 v Is 8vo or 
Cal net el Bv x post 8vo 6 ca I 

Undesjpfned Scriptural Coinci 

1 ence^ the OI 1 1 Nc v Tc a e ts 
n I cst of the r Vera y By Rev J J 
IIluni Po’st Bvo 6s 

History of the Christian Church 

fhc h t n cc (.e c» By Rev 
J J Blun I oat Hvo 6« 

I ecturcs on the Right Use of 

the J ar!y Fathers By Rev J J K nt 
8vo 9* 

The Parish Priest His Duties j 

A q re e ts and Obi (fat ona ByHcv 

J J Bl N r Post 8vo 6s 

Plain Sermons for a Country 

Con^re^-t » By Rev J J B nt 
a vcTfl poat Bvo 17a 

University Sermons By Rev 

J J Blunt Post Bvo 6» 

FxposUion of the Apostles 

Creed By B shop Ken Fenp i» 6d 

The Shadows of a Sick Room 

W tK Pref CO by Canon L odon 
l 5 mo as 6d 

Biblical Researches m Pales 

t ne and the Adjacent Reg ona A Jo r 
nol of Travels and RcseArchem* w h 
Hatorcal llluatrat ona Bv Fpward 
Robin&om D D M*pa 3vols Bvo 4as 

The Witness of the Psalms to 

Chr at and Chnat an ty The Bamplon 
Lectureafor 1876 BywM Alexandfr 
D 1 ) B shop of De ry 8v io« 6d 

AiOs to Faith , a Senes of 

Pheologir^ Essays By vjtr oua writers 
Ed ted by Ar hb ahop Thomson 8v 

g* 

Church and the Age a Senes 

of Essays on the Pnnci^ei and Pre 
sent Pos tion of the Anal can Ch rch 
By vanoufc wnun a vow. 8vo a6s 

Companions for the Devout 

Life Lectures on well known levot onal 
works, delivered at St James s 18756 
Post Bvo 

Ihe Classic Preachers of the 

Kn^Ush Church A Senes of Lectures 
delivered at Sl James s during 1877 
Post Bvo 

Masters in English Theology 

A S«ri«t of Lectures debvered at King s 
CoQsn London, rByy Wuh an His 
terM iQtiodueden ty Canon Ba aav 
D D Potl Bvo 


Life and Times of St Chrysos 

tom A Sket h of the Church and the 
F p 0 the F urth Century By 
He W k W S ErHBNS Portra t 
Bvo 5s 

Lbsays on ( athedrals liy 

V o s A hor Ld cd w th an I 

I i on > J)c H wsoN fivo las 

I he Galilean Church hrom 

tl e Co Hal f It logn'i 1516 to 1 e 
Revolu n W il a t od c on By 

W J1 jEKvxb A1 A 1 o tra t a vols 

Bv aB 

Continuity of Scripture, as 

de lare i by the Test mon> of Our J ord 
a d of the Evugdsts and Apostles 
By Lord 11a hkklly Bvo 6tt urcheap 
el as 6d 

Meditations on Christianity 

By M ( 7 T 3 vols post Bvo ays 

Sermons preached at Harrow 

Py Rev C J V \ ohan Bvo ios 6d 

Nine Sermons preached at 

Harr w By Rev C J Vaughan 
1 cap Bvo 

Manual of Family Prayer, ar 

ranged on a card so to «ve fh« 
trouble of turn ng the pages backwards 
A i f rwards Bvo as 

Primitive Doctrine of Bap 

I smal Regenemt on By Canon Mozlw 

Bvo 7» 6d 

lieatise on the Augustinian 

Doctrine of Predestuist on By Canon 
MnzLSY Bvo t4n 

The Nicene and Apostles 

Crbros The r L terary H story w th 
some acco nt of The Creed of bt 
Aihiinas us By Ca on Swainson 
B vo i6t 

1 he Limits of Religious 

Tho ghl exam i cd By Dean Manskl 
P ost Bvo 89 6d 

The Gnostic Heresies of the 

First and Sbcond CaNTURiica By 
Dean Manskl. W th a Sketch of his 
1 fe By Lord Carnarv n Edited 
by C-tn n Lightsoot 8vo xos. 6d 

Foundations of Religion in the 

M nd and Heart of Mon By Sir John 
B Bvlkp Post Bvo 6s 

Hfmns adapted to the Church 

Serv ce By Buhop Hkber ificno, 
7S. 6d 

Epistles of Sl Paul to the 

Cor nth ans with Critical Notes and 
1 ) ascrtatioas By Dean Stanlitv |vo^ 
iBs 

I ectures on the History of the 

Eaitkrn Church By Daon Stahlbv 

tvo 111 
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Lectures on the History of the 

uwiSH Chl rch Hy Dean Stanlkv 
VO a volv 24^ Vol 111 141 

Sennons preiched during the 

Tour of tht Prmcc of Wtles m ihc 
By Dean Stanlrv With Notirei of 
the Localities vi<!i(ed 8vo 951 

Sermons preached in I^mcoln’s 

Inn By Canon C jok 8vo gs 

Character and Conduct of the 

Afostlks consi Icred as an F vidcncc of 
Chnfitimity py Dean Milman Bvo, 

JOB 6cl 

Benedicite or, Song of the 

Ihree Children BeinK Jllustrations of 
the Power Beneficence an \ Desim 
mamfested by the Creator in His Woiks 
Hy G C Child Chaflih M D Post 
8vo 6a 

Sermons preached at Ijncoln*s 

Inn By Archbishop Ihomsom, S^o, 
lOL 6d 

Life m the Light of God's 

Word By Archbishop Thomson Post 
®vo 5* 

Three Essays on the Maintc 

NANCB or THE ChUKCH OP ENGLAND 
as an Established Church By Rev 
Hole Dixon, and I lovd Svo loa 6d 

University Sermons By Dean 

Scott Post 8vo 8a 6d 

Life in laith Sermons 

preached at Cheltenham and Rugby 
By 1 W Jkx Blakk, D D Small 
«vo, ja 6d 


A History of Christianity, from 

iho Birth of Christ to the Abolition of 
P;)ganism in the Roman Empire By 
Dean Milman 3 voU po^l 8vo ]8s 

History of the Jews, from the 

earliest period, rrmtinucd to Modem 
Tiinoj By Dean Milman 3 voIs- post 
8vo i8a 

A Smaller Scripture History of 

the Old and New iestament^ Edited 
by Dr W Smith Woodcuts. i6mo, 
6d 

he Jesuits their Constitu¬ 
tion and Teaching an HiatoncaJ Sketch 
By W ( Car I WRIGHT M P 8vo, gs 

Ihe Talmud Selected Ex¬ 
tracts chiefly illustrating the Bible- 
Wiih an Intri^iiction By JosErnBAR 
Cx-Av I L D Svo 

Rome and the Newest Fashions 

in Religion Three Tracu, By the 
Right Hm W E Gladstonk, MP 
Containing ITie Vatic m Decrees—Vau 
cani^m Speeches of Pms IX Svo, 
6d 

Eight Months at Rome, dunng 

the VaPean t ouncil with a Daily Ac 
count of the Proceedings ByPoMRONio 
IKTO Svo tas 

Worship in the Church of 

Fncland By a J B Bekesforp 
11 ^PK, 8vo, ar, Popular Stlectiom 
from Svo an 6d 

Fragmentary Illustrabons of 

the Historv of the Book or Common 
Prayer, from Manuscript Source« 
Qlikhop Sanderson and Bi^op Wren) 
Edited by Bishop Jacomon 8ro, 5* 


SCIENCE, NATURAL HISTORY, GEOLOGY, ETC 


The Moon. Considered as a 

Planet, a World, and a Satellite By 
/amr8 Nacmvth and James Car 
IBHTKK With Illustrattons of Lunar 
Objects, Phenomena, and Scenery and 
Woodciito 4to 30*. 

Student’s Elements of Geo 

logy By Sir Ciiaelbs Lvkll. Wood 
cuta Poat 6 VO, qu 

Principles of Geology, or, the 

Modern Changes of the Earth and Ua 
Inhabitants, as Illiisirativo of Geology 
By Sir Charles Lvbll. Woodcuts 
a rola Svo jas 

Antiquity of Man, from Geo 

loflcal Evidences with Remarks on 
Theories of the Origin of Species With 
apacial reference to man's first appear 
ance on tha earth. By Sir Charlea 
Lvkll. lUustratloiu <44 


Connexion of the Physical 

Sciences ByMARvSGMKKViLLS. Plates. 
Post 8vo 9s 


Physical Geomphy By Mary 

SoMKRviLLK. Portrait Pott Svo, gs 

Molecular and Microscopic 

Science By Marv Somerville I Hu* 
traboiu a voU poat &yo, aia 

Siluria, a History of the Oldest 

FoatiLiFKXous Rocks and their Founda 
tions with a Brief Sketch of the I>is 
Mbuuon of Gold orep the Earth By 
Sir Roderick MixicnjeON lUuacni 
tiona. ■ rels 8 vq, x8a 
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A Short History of Nitural 

Sr cncc and the Projfress of Discovery 
from the l me of the Greeks to the pre 
sent d^y for Young Fcrsoi s By 
A B BurKlEY Wiih 6o llluhtrations 
Post Bvo 98 

Manual of Scientific Inquiry, 

prepared for the of Officers md 
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Means OF Natural Sfi KTTioN or the 
Preservnt on of Javoircd Races in the 
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World By Charlm Daxwin 111 b 
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By CwARLKi Darwin Crown Sto 128 

Expression of the Emotionb 
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Hlujtrmiuns Medium Bvo, 43^ 

Troy and Us Remains , A Nar 

nUlr* of Discoveries and Reiearches 
medt on the Site of Ilium and tn the 
Trojan Plain By Dr Schlirmann 
Edited by Philip Smith BA With 
Maps And 500 lUustrattons Royal Bvo, 
4 M- 

The Cities and Cemeteries of 
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I eat Royal 410 31a od 

Leaves from My Sketch Book 
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Rorprt Campbell avoU 8vo 32® 

The Students Edition of Aus 


T N B Lectu cs on Ju spmdenco Con 
p led fr m the larger w k By Robert 
Campbull P St Svo 

Analysis of Austins Juris 
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A Senes of Papers on the Pol t cal and 
Geograph cal Cond on of Cen ral Asia 
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provement of our RcpreNentative Syslein 
By Earl Grey 8vo, gs 

History of the hnghsh Poor 
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Punty m Musical Art By 

Justus Thisaut Translated with Pre 
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Livonian Tales By a Lady 

Port 8vo, At 

The Amber Witch a Trial ^or 

Wild rxft Iranslated by Lady Dupr 
Gordon Post 8vo as 

The Handwriting of Junius 

Profess onai!y nvett gate lUyC Chaboi 
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Self Help With Illustrations 

of Conduct and Perseverance By 
Samuui Smiles Smell 8vo 6s 

Character A Companion 

to Self Help By Samuki Smiles 
Small 8vo 6s 

Thrift A Book of Domestic 

LouiucI By Samuel Smiles Port 
8vo 6s 

My Boyhood a Irue Story 
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Bnd Not ces f h s I fc By 1 f ok A 
Moork. lUuiilrat oiu a vols Toy'd 8vo 
*S« 

Poetical Works of I orcl Byron 

I ibiary cd t on Portrait 6 vols fivo 

45 * 

Poetical Works of Lord Byron 

Cabinet Fdit un Platen. lo v N fc { 
8vo 30B 

Poetical Works of Lord Byron 

Pocket Fd tion 8 vola bouiul yt d in a 
case i8mo ais 

Poetical Works of Lord Byron 

Popular edition. Plates Royal 8vo 
6d 

Poetical Works of Lord Byron 

Pearl Edit on Post 8vo as 6d 

Childe Harold ByT ord Byron 

8o Engravinj^ Crown 8vo lai 

C hilde Harold By Lord Byron 

as 6d IS and 6d eacL 

Tales and Poems By Lord 

Byron aitno, aa 6d 

Miscellanies By Lord Byron 

svols 94ino St. 

Dramas By Lord Byron 

a vols a4rno st 

Don Juan and Beppo By 

Lord Byron a vols 34111 58, 

Beauties of Byron Prose and 

Verse Portr'ut Fcap Svo, 3a, Cd. 

Oliver Goldsmith s Works, edit- 

ed by Peter Cunninghau V gneUcs 
4 voU 8vo 30a. 

Pastoral Colloquies on the 

South Dowiw—Pro^tcy and Miracle® 
By Canon Selwvn D D Small 4to 
tit. 

Argo or the Quest of the 

Golden Fleece a Metrical Talc in ten 
books By th« Earl of a°<l 

BalcakEB* 8vo, 100 Cd 

Vie de Seint Auban a poem 

in Norman French ascribed to Matthew 
Pana Cdued wuh Concordance, Glos 
saiy and Notts by Robkrt Atkik 
SON, M A , LL D Small 410 los tid. 

The Vaux de Vire of Maistre 

Jean Ic Advocate of Vlra, Trans¬ 

lated by J P MutUTBAO lUustndoiu 
ftvo, aiSi 


DRAMA, ETC. 

Lives of Fminent Fnglish Poets 

By Samull J MNtoN Edited by 
Phthr Cunningham 3 vol® 8vo 
33:1 6 d 

Life and Poetical Works of 

Rev Guorgh Crauuu Plates royal 
Svo 7•^ 

I ife ind Works of Alexander 

Pope tdued by Rev W Eiwin 
P orin vol* itus Svo los 6d each 

Iliad of Homer Translated 

into Fngl sh blank ver« By the Earl 
of Dfrby 3 vol* po«t Svo io« 

Poetical Works of Bishop 

Hel cr Pnrtriut Fcap 8vo 35 6d 

Hymns adapted to the Church 

Service By IJ vhop Hebcr itimo i* 6d 

The Sonnet, Us Origin, Struc 

t ire aj d Place in Poetry W th 1 ran® 

I lal ons from Dante and Potmreb By 
CHAKLKb Tomlinson Post Svo 9® 

Ihe hall of Jerusalem By 

Dean Milman Fcap Svo is 

Horace Illustrated with loo 

Woodcuts Post 8vo 7a 6d 

Ancient Spanish Ballads 

Hiit real and Romantic Translated 
byj G Lockhart Woodcuts Crown 
Svo 5* 

Remains m Prose an<l Verse of 

Arthur Hallam With Memoir Por 
traiL hvap Svo 3a. 6d 

Rejected Addresses By James 

and Horace Smith With Biographical 
Notices. Portraits. Pont Svo 3$. 6a or 
fcap Svo, 19 

An Essay on English Poet^ 

With «hort live® of the Bnhsh Poets, By 
Thomas CAMrsELL, Post Svo, 3*, tid. 

Poems and Fragments of Ca 

tull li Translated m the Metre® of the 
Original By RobinroH Elus xtimo 51 

Pobtical Works of Lord 

Houghton New Ediuon a roll, fcap 

•vo 

Gongora's Poetical Works. 

With an HufeOncal Eieay on the Age ot 
Philip HI and IV of Spam By 
deacon CnuxTOtr Portiait evM anaU 
Bto, xaa. 

Poetical Remains of the late 

Archdeacon Churtom Fmi Ive, ea. tid. 
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NAVAL AND MILITARY WORKS 


Army List (Published by 

Authority ) With an Alphabetical Index 
Monthly i6mo as 

Navy List (Published by 

Authority ) Quarterly x6mo ja 
M onthly is 6d 

Nautical Almanack (Pub 

lushed by Autbonty ) 8vo as 6d 

Harts Army List (Published 

Quarterly and Annually ) 8vo los 6d 

Admiralty Publications, issued 

hy direct on f the Lords Lomm ss oners 
of the Adm ralty 

Admiralty Manual of Scientific 

Fnq ury for the use of Travellers 
Edited ny Sir r Hehschbl at d Rouhrt 
Maim Woodcuta Post 8 vu 6 d 

A Dictionary of Naval and 

Military Techn cal Terms Fnfflsh 
French Frcn h En;l sh By Colonel 
Bi/rm Crown 8vo tss 

Shipbuilding in Iron and Steel, 

a Practical Treat se g:ivuie full details of 
Coos true tlon Processes or Manufacture 
and Huildmg; Arraagemeuta with Results 
and Experiments on Imn and Steel and 
on the Strength and Watert ghtness of 
nveted work. By E J Raaa C B 
lUustratiOtu 8vo 

Our Ironclad Ships their 

Qualities Performances and Cost includ 
ing Chaptori on lurret Sh ps Ironclad 
Rams etc By £ J Rekd C B lUus 
trauons 8vo las 

Manual of Naval Architecture 

for the Use of Naval Officers By W 
H White, With llluatrations flvo 

Modem Warfare as Influenced 

by Modem Artillery By Col P L 
Macdoucalu Fbuii. Post 8vo t» 

Naval Gunnery , for the Use 

ci Officer* and the Training of Seaman 
Guniwra. By Sir Howard Douglas 
8to gxA. 

The Royal Engineer and the 

Royal Etubliahmenti at Woolwich and 
Chatham By Su- Fuancis B Heai) 
IDuUnUoni. 8vo xai. 

The Principles and Practice of 

Modem Antllery^ Including Artillery 
Matcnal, Ouimefy, and Orgamaation and 
Ute bf Artillery m Warfare By Lieut 
CcA C H OwEH lUuatraUona Svo^ 


The Administration of Justice 

under Military and Marta! J aw a* 
applicable to the Army Naval Martue 
and Aux 1 ary h rcc« By ChaIIXUs M 
Clode. 6vo las 

History of the Administration 

and Govemmenl of the Br t sh Ani y from 
the Revolution of 1688 ByC M Clodk. 
a vols 8vo 3IS each 

Constitution and Practice of 

Courts Mart al w th a Summary of the 

1 'iw of Evidence and fome Notice of the 
Cr mi ul Law of England with reference 
to i> e Pr al of Civ ] Offences By CapL 
J F SiMM NS RA 8vo 15a. 

Origin and History of the First 

or Grrnadiur Guart> 3 from Doeu 
menu in the State Paper Office War 
Offi e Hnnsc f ardu Contemporary 
H htory Regimental Records etc By 
hur F W Hamilton llluatratigns 3 
vola 8 VO 63s 

History of the Royal Artil 

lery Compiled from the Original Re¬ 
cords By Mtgor Fhancis X)uncam 

2 vols 8vo 30s 

Wellington’s Despatches and 

Correspondence 1759 1815 Edited by 
Col G UR WOOD 8 volt. 8vo £S 8s. 

Wellington’s Supplementary 

Despatches and Correspondence Edited 
by h s Son 14 voU 8vo aos each An 
index 8vo aos. 

Young Officer’s Companion , 

or on Military V lUes and Quali 

tics witn Examples and Illustrations 
from HiUory By Lord Dg Ros Post 

8vo 9s 

Lives of the Wamors of the 

Seventeenth Century By Ocu Sir 
Edward Cuat 6 vols post 8vo 
*4/ Sent* “Ihe Thirtv Ybars War, 
z6oo‘48 d vols 16* 9fi Sfrt^ —The 
Civil Ware of Francr and ENCLANa 
z6ii 75 svols 36*. aUJms!/—C om 
MANDBRS OF FlBKTS AND ArMIBB, 164$- 
1704 a vols xBs. 

Deeds of Naval Daring, or, 

Anecdotes of the British Navy By 
Edward Giffard Fcap 8vo, 3s. 6d. 

Annals of the Wars of the 

s8ihaad sgthCentune* 1700-1814 Com 
piled from the most Authentic Histone* 
<< the Period By Gen. Sir £ CuiT 
Maps, 9 voK leap 8vo, gs, eech* 
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RURAL AND DOMESTIC ECONOMY, ETC. 


Trees and Shrubs, Native and 

I'oreigji which will floux h in the Open 
Air in our Climitc with ClAUihcd L sts 
of the leveral Species By A Mon 
ORBDIEN Illustrations 8vo 16 s 

Plain Instructions in Gardening, 

with a Colcn hr of Operpt on'i and 
roction^ for every M nth By Mr 
Loudon Woodcut'i Fcap 8vo 3^ 6d 

A Geographical Handbook of 

Ferns By K M I vell Post 8v 
ys 6d 

Alpine Flowers for English 

Gardens How they in'»y be grown in 
all parts of the Brit sh Islands By W 
Robinson Illustrations Crown 8 vo 12a 

Sub Tropical Garden , or, 

Beau^ of Form in the Flower Garden 
w th Illustratioi s cf all the finer Pluils 
used for this purpose By W RouiNbON 
lUuatrauoni Small 8vo yb 6d 

Wild Garden , or, How to 

make our Groves and Shrul bcncs beaut 
ful by the Nsturalis'it on of Hardy h xot c 
Plants ByW Robinson Crown 8vo fis 

Modem Domestic Cookery, 

Founded on Principles of Economy and 
Frmcuco and adapted for private families 
By a Lady Fcap 8vo 55 


Thrift a Book of Domestic 

Counsel By Samuei Smiles Small 
8 vo 6s- 

Royil Agricultural Journal 

{published half ycxjly) 8 vo 

Bees and Flowers By Rev 

Thomas Jambs kcap 8vo is each 

Music and Dress By a Lady 

Fcap Bvo IS. 

Art of Dining, or, Gastro¬ 
nomy and Gastronomers Fcap 8vo 
is 6d 

Choice of a Dwelling, a 

Pricticil Handbook of TJ^cf \ Tnforma 
t n on nil Pn \ ts conneett 1 with Hinng 
B y ig or B 1 id ng a House Plans 

I osl 8vo yn 6d 

The Gentlemans House, or, 

II w to Plan Fi glwh Rcbidcnces from 
the Firsonagc t the Pnlnce With 
Inblcs of Cost and Plans By Robert 
Kkkr lilustrat ons 8vo 24k 

A Small Country House Bnef 

1) recuons « 1 ibe Planning of a Residenc* 
tucobtfrom;^ 2 oooto;C 70 «^ By Robert 
Kbrr Post SvOf 3s 


FIELD SPORTS. 


Dog breaking, the most Ex- 

p^bous Certain and Easy Method 
By General Hutchinson Woodcuts 
Bvo 7$ fid 

Some Account of Deer and 

Deer Pajiks, with Notes on theu- Man 
ajKmoDt By Evrun P biiiKLBY 
lUtutnUioQS Fcap 

Wild Sports and Natural His 
wry of the Highlands By Charles 
St Jokk Post 8vo 3a fid 

The Chase—The Turf—and 

the Roa© By Nimeoel Uluitrationa 
Cnoira Svo> ss or coloured plmtetp 7*. fid 

Salmonia j or days of Fly-Pish 

ing ^ Sir Momphrv Paw Wood 
out*, reap 8 tO| gs fid 


Horse Shoeing, as it is, and 

as It should be By Wii LIAM DotrtSLAS* 
Plates Post 8 VO 7 B fid. 

Five Years' Adventures in the 

far Inter or of South Afnca with the 
Wild BcaaU and Wild Tribes of Ae 
Forests. By R Gordon CuMMmo, 
Woodcuts Post 8vo Gs. 

Sport and War Recollections 

>f Fighting and Hunting in South Africa, 
from iSjM-fi? woh an Accoi nt of the 
Duke ofEkiinburgh s Visit By Gto^ral 
Bimet, C B lUustration*. Crown Bro^ 

24t. 

Western Barbary, its Wild 

Tnbes and Savage AnimaU. By Sir 
DrumwomdHay Post Bvo se. 

Spfirt in Abyssmia By Sait 

of Mato lUpttrttiou, Crenra Bw, ied< 
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EDUCATIONAL WORKS. 


DR. WM SMITH’S 
DICTIONARILS 

A Dictionary of the Bible , Its 

Antiquities Biography ( c graphy, and 
Natural History lUustratuitu. 3 Vols. 
five, 105s 

A Concise Bible Dictionary 

For the uie of Students and Fimilics 
Condensed from the above With Mapti 
and 30Q lUuttratioDs 8vo sis 

A Smaller Bible Dictionary 

For Schools and Younff Persons 
Abrniked from the above With Maps 
and Woodcuts. Crown 8yo 7a 6A 

A Dictionary of Christian An 

tiquities. The H btory Institutions and 
Antiquities of the Chngtian Church 
With lllustratioAs Vol 1 Medium 
8vo 31s 6d 

A Dictionary of Christian Bio¬ 
graphy, Literature Sects and Doctn tics 
From the Time of the Apostles to the 
Age of Charlemagne VoL I Medium 
gvo, 3ra 6d 

A Dictionary of Greek and 

Roman Anti ^uities Compnsmg the 
Laws. InslUutionii Domestic Usages 
Fainting^ Sculpture Music, the Drama 
etc With 500 Illuslrauons Medium 
8vo, sSs. 

A Dictionary of Greek and 

Romim Biography and Mythology, con 
ttliuaga History of the Ancient World 
Cfvxh Literary and Lcclesiasttcal. from 
the Mriieet tunes to the capture of Con 
stannoople by the Turks With 364 
Xllustmuoas. 3 vols Medium 8vo 841 

A Dictionary of Greek and 

RoMtn Geography, showing the Rc 
searches of modern Scholars and Travel 
lers, including an account of the Poltucal 
History of b^h Countries and Cities as 
well u of their Geography With 530 
Xlluatrauona. a yoIs. Medium 8to, sot 

A Classical Dictionary of 



A Smaller Classical Dictionary. 

Abridged firom the abore Mfith aoo 
WoodcttU Crown Svo^ yi, 0d. 


A Smaller Dictionary of Greek 

and Roman Antiquit es. Abridged fr m 
the larMr work With 000 V^Kxlcuts. 
Crown ovo, 7s 6d 

A Latin English Dictionary 

Based on the works of Forccllini and 
Fre nd. With Tables of the Roman 
Calendar Measures Weights, and 
Monies Medium 6vo, ets 

A Smaller Latin English Die 

tjonary W th Dictionary of Proper 
Names and Tables of Roman Caleiww, 
etc. Abridged from the above Square 
tamo, 7s 6dL 

An English Latin Dictionary, 

Copious and Cntical Medium Svo, sis 

A Smaller Enghsh-Latm Die 

t onary Abndged from the above 
Square ismo, 7s 6d. 


A Mediseval Latin English Die 

tionary Founded on the Work of 
Ducange. Illustrated and enlarged by 
a Id tioi s, derived from Patristic and 
Scholastic Authors, Medueval Histones, 
&c Ancient and Modern By £ A 
Dayman, B D and J H Hiwskls 

[/h PrtparostwH 


MARKHAM’S HISTORIES 
A History of England, from 

the First Invasion by the Romans Con 
tinned down to 1807 With Conversa 
tloQS at the end of each Chapter By 
Mn Markham With zoo Woodcuts, 
ismo, 38 6d. 

A History of France, from the 

Conquest by the Oanis Continued 
down to 1861 With Converaatloiis at 
the end of eich Cl^^yter By Mrs. 
Markham Woodcata. lamo, 3s. 6d 

A History of Germany, from 

the Invasion of the Kingdom by the 
Romans under Manas Cohtlaued down 
to 1867 On the PUn of Mrs. Markham, 
With 30 Woodcuts. ismo,3S. 6d. 


Little Arthui’s History of Eng> 

land. By Lady Callcott ContmW 
dow&totha yeariBfs. With 3d Wood 
&SU. lAno, zs. 6d. 
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MURRAVS 

STUDENT'S MANUALS 

A Smts of Htstmcal Class Books 
for advanced Scholars Forming a 
comtleU chain of History from the 
earliest ages to modem times 

Student's Old Testament His 

tory. from the Great on to the Retu 1 
of the Jews from Gapuv ty W th an 
Introd cton by Ph lii* Smith Maps 
and Woodcut! Po*it 8vo 71 6d 

Students New Testament His 

tory With an Introduct on connect ng 
the Hutory of the Old and New Testa 
menu. By Philir Smiim Maps 'lod 
Woodcuts. Post 8vo 70. 6d 

Student’s Manual of Ecdesias 

Heal History of the Christian Church 
fVom the Earl est T mes to the h vo of 
the Protestant Kefomi'ition By PiiiLjr 
Smith Woodcuts Post 8vo 7s 6d 

Student’s Ancient History of 

the East Egypt Assyr a Babylon a 
Media Persia PnoemcU|&c By Philip 
S siiTK Post 8vo 7* 6a 

Students History of Greece, 

from the Earl est T mes to the Roman 
Conquciit with the H story of L terature 
and Art By Dr Wm Smith Wood 
cuta Post Bvo 7s 6d. 

Student s History of Rome, 

from the Earhest to the Estal 1 sh 

meAt of the Empire with the H story of 
Literature and Art By Dean Liddkll 
Woodcuts Post 8vo 71. 6d 

Student’s Histow of the Decline 

and Fall of the Roman Empire By 
Edwabd Gibioh Woodcuts Post 
Svo 7t 6d 

Student’s History of Europe 

during the Middlk Ages By Hbnky 
Hallam Post 8vo 7s. 6d 

Student’s History of England 

from the Acccai on of Henry VII to 
the Death of George 11 By Hbnry 
Hallam Post 8vo 71 6d 

Student’s Hume a History of 

Emqland Beam, the Invasion of Julius 
C iBSAJt to tfie Revolut on m 1686 By 
Davip Hums. Corrected and contmued 
to 186S Woodcuts. Post 8vo Ti. 6d 

Student’s History of France, 

from dM Earliest Times to the EiUblish 
mettt of the Second Empire, 1653 By 
Rev W H Jjuvis Woodcuts. Pott 
8vo 7s. 6d 

Student’s Manual of Anaent 



Student’s Manual of Modem 

Geography Mathematical Pbys cal and 
^DcBcnppTe By Rev W L DsvAN 
Woodcuts Poet 8vo 7s Cd 

Student s Manual of the Engbsh 

Language By Georcb P Marsh 
Po5t 8vo 75 6a 

Students Manual of English 

Literature By T B Shaw Post 8vo 
7s ()d 

Student’s Specimens of English 

Litbraturk. By T B Shaw Post 
8vo 7s 6d 

Student s Manual of Moral 

Ph losophy W th Quotat ons and Re 
fcrcnccA By William Flsming Post 
8vo 7S, 6d 

Student s Blackstone An 

Abridgment of the Commentaries, 
ad'ipted to the altered state of the Law 
By Dr Malcolm Kbrr Post 8vo 
73 6d. 

SMALLER HISTORIES 
A Smaller Scripture Histoiy of 

the Old ai d Now i estaments. wood 
cuts. x6mo 3s. 6d 

A Smaller Ancient History of 

the East from the Earl est Tunes to the 
Conquest of Alexander the Croat 
W th 70 Woudcids. i6mo 31, 6d 

A Smaller History of Greece, 

from the Earl est Times to the Roman 
C W th 74 Woodcuts i6mo, 

A Smaller History of Rome, 

from the Earl est Times to the EiUblish 
ment of the Empire Woodcuts. 1^0 
3 * ^ 

a Smaller Classical Mythology 

W th Translations from the Anc ent 
PocU and Quesbons on the Work With 
90 Woodcuts xCmo 3s 6d. 

A Smaller Manual of Ancient 

Geography With 36 Woodcuu *6mo 
3a M 

A School Manual of Modem 

r eograpfay Political and Physical 
xdnii 5s. 

A Smaller Histoiy of England, 

from tie Earlei*t Tunes to year 
1868 With 68 Woodcuts »6mo js. 6d 

A Smaller History of English 

Literature mving a Slcetch of the Lives 
of our chief wnten. x6mo, 3s. 6d 

Short Specimens of En^^sh 

Literature Selected from ll>« «U)|f 
Authors and arranged ehronotogM^ 
sdoiOi gk dd. 
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Mr Murrays Ltsi of 


ENGLISH COURSE 
A Pnmary History of Britain 

for > letncnlary Schools ted by 

Dr Wm Sm th. lamo at. 6d 

A School Manual of English 

Cramn u w th Cop out Eaerc ses By 
Pr Wm Sm th and 1 D Hall M A 
Post flvo 3* 6d 

A Pnmaiy English Grammar 

for FJcme tary SchooN W h Exer 
cUes and Que ons Foun Ic 1 o he 
above wo k By 1 D Ka i6m 

IS 

A School Manual of Modem 

Geograj 1 y 1 hys o'!! and Pol t o'!! By 
JohnR C lAKDSON M A Pob 8vo 5S 

LATIN COURSr 
Pnncipia Latina Part I A 

Fir»t La Coutm: co p chend ngGram 
mtir Delectus and Exerc i>c Book w th 
Vocabuiar m W th Acc de co adapted 
to the G d nary G am ars as well 
u the Publ c Scho 1 Lat Pnmer 
tamo 3* Gd 

Appendix to Pnncipia Latina 

Part I Add i onal h xerc ses. w th 
Fxam nat on 1 ap r o Pr nc p a i atina 
P-irt I Hy W Lb A^ Sm h D C L 
LL D X mo 2*; 6d 

Pnncipia Latina Part II A 

Lat n Read ng B<>ok an Intr du on to 
Anc e l My 1 locy Geography Rom'tn 
Ant qu t es a d 11 o y W th Notes 
and D ct o ary lamo 3s. 6d 

Pnncipia Latina Part III A 

Lat n Poetry Book conta n ng Easy 
Hexameters and 1 entametem Edogao 
Ov d anae Latin Prosody F rst Latin 
Verse Book lamo 3a 6d 

Pnncipia Latina Part IV 

Latin Prose Compo t on conta n ng the 
Rules of Syntax w ih cop out. Examples 
and Exerc SCI on the Syntax inno 
6d 

Pnncipia Latina Part V 

Short Tales and Anecdotes from Anc ent 
H story for 1 mnislat on nto Latin Prose 
lamOj 3s 

AI atm EnglishVocabulary ar 

ranged actord ng to subiecU and ety 
tnplo^ w th a Latin Lngt si D ct onary 
to rnaedrus rornelus Ncp<* and 
Caesars Gall c War" amo 3a 6d 

The Student s Latin Grammar 

PoatSvo 6s. 

A Smaller Latm Grammar 

Abridged from the above xtmo 3a 6d 

Tacitus Germania, Agncola, 

and First Book of the Adii& "W th 
English Notes By Dr W Smith 
ismo u. ^d* 

A Child s First Latin Book, 

UKludlng a systematic treatment of the 
New Prominc ation and a full Pnucif of 
Nouns, Adjectives, and Prononnk. By 
T D kALL M A IS 6d 


GREEK COURSE 
Initia Graeca, Part I A First 

Greek Course comprehend ng Grammar 
Delectus and Exerc so book. W th 
Vocabularies lamo 31 6d 

Initia Graeca, Part II A 

G cek Read ng Book contain ng Short 
T Ai e dotes Fables Mythology 
and O cc an H story Arranged a a 
»y ema progress on w th I exicon 
umo 3s Od 

Initia Grtcca Part III Greek 

Pro c Compos t o conta ning a Sy>te 
ma c Co Tso of Exerc scs on the 3 >m 
Ux with the Pnn<^al R les of Syntax 
and an Engl ah Creek Vocabulary to 
tl e Exerc se i2mo 3s 6d 

The Student s Greek Grammar 

By Professor CuRTius, Foot 8vo, 6s. 

A Smaller Greek Grammar 

Abridged Iro n the above tamo 3s. 6d. 

Greek Accidence Extracted 

from the above work xomo 9S 6d 

Elucidations of Curtius s Greek 

C rammar Translated by EviLVif 
Abdott Post £vq 6d 

Plato The Apology of So 

era es tl e C to and Port of the Phsedo 
w th Notes n Engl ah f om Stallbaun and 
Schle erm, chcFs Introduct ons By Dr 
Wm Sm th lamo 3a 6d 

FRENCH COURSE 
French Pnncipia, Part I A 

First French Course conU n ng Oram 
mar Delectua Exercises, and vocabu 
lares xs no 31 6d 

French Prmapia, Part II 

A Read ng Book with Notes and a 
D ct onary lamo 4s. 6d 

Student s French Grammar 

a Pract cal and Historical Gnunmar of 
the French I anguage By C HaaoN 
Wa l W th an Introductioti by M, 
Ifittre Pott 6vo 7s 6d 

A Smaller Grammar of the 

French Language For the Middle and 
Lower Forms. AbAdged from tba 
above lamo 31 6d 

GERMAN COURSE 

German Fnnapia, Part I A 

F rst German Cou^ contain ng Oram 
mar Delectus Excermses jusd Vixmbu 
lary xsmo 3s 6d. 

German Pnncipia. Part II A 

Readiof Book, with Notes and a J>k- 

doarnry tamo 3s 6d 

A Practical Grammar of the 

German Language with an Historical 
developflunt of tne Language By Dr 
LngtMAao ScRxm. Post ivo» 8> ^ 
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SCHOOL BOOKS 
An English Grammar A 

M«tbodical Analyt ill and H '»tor al 
Treat An tl e Ortl og apt y Prosody 
Inflect oos and Sytiux of the f gl sK 
Tongue Hy^ Profe»»or Mak nhr 
Translated by Cla r J Grhcb LI D 
3 vols. Bvo 36a. 

King Edward Via Latin Ac 

cidence or Elements of the I at n 
loDguo for the U&e of Jun ur Lla^tics 
iimo as 6d 

King Edward VI sLatmGram 

mAT or An Introduct on to ll c Latin 
Tongue zemo 35 6d 

English Notes for Latin Ele 

giacs Dos gned for early pro/ic en s n 
™ art of Lat n Vers flcation By Kev 
W OxKNHAM lamo 3t 6d 

Principles of Greek Etymology 

By PkOFESsoa Curt us TtAnsU cd 
^ A S AV Lk NS M A and £ U 
SImgland M a a vols flro 159 eacl 

Pnncipia Graeca an Intro 

duct on to the study of Greek compre 
bending Grammar Delectus and 
l^erc so Book w ch Vocabulann By 
H E» Hutton M A tamo 31 6d 


First Book of Natural Philo 

sophy dti I trodu n 0 the S dy of 
Sta I y am H>d o a 9 Op cs 
a 1 Acou 9 w h ne u Lxa plea 
By Prof orNKwr Sm 1 (Jvo 3s 6d 

Elements of Mechanics includ 

g Hydn s h me exam 
Ic By Professor New S nail 8vo 
6 d 

Mathematical Examples A 

C J a cd Sc c of El me tary Exam 
I n Ar nc c Algcl a I ogar I rr s 
1 R nome ry and Meehan cs By Pro 
fes or N Ku, T Small 8vo Ss 6d 

Stones for Children Selected 

f h H y of Lnglan 1 By I W 
C oKRH Wuudeuts. 6 no as M 

Progressive Geography for 

Cl Id cn By J W Ckokhr i8mo 
IS bd 

u^Esop s Fal les A New Version, 

h efly fro n Or pial S urcc^ by Rev 
1 HOMAS Jamr W th too Woodcuts 
Post Svo as 6d 

Gleanings m Natural History 

for S 1 ol W th Anecdotes of the 
Saga y a 1 Ina met of An mala. By 
Euwa d Jb IK Ft^p 8vo 3« 6d 


Buttman s Lexilogus a Critical 

Exam notioD of the Mean g and Ety 
mology of laksagM m Creek Wrtcr^ 
Translated with Motes by Fishlakb 
8 to 138 . 
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aO the Tenses—(heir Formation Mean 
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dex. Translated w th Motes by Fish 
LAKK. PostSvo 6s 
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Atuidged hy BlomfivlI) Revised by 
CROOKg. Post 3vo 4 s 


a Popular Etymological Die 

tloftgiy of the French Language By 
Kdwajid Pick Ph,D 8vo 7s 6d 
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Post 8vo Tt. 6(t 


A Practical Hebrew Grammar , 

vHh an Aneandly contauung the Heb 
KwXext ^Genasu 1 VI and Psalms 
1 VI Oimmmatical Analyns and Voca 
hdtiTT By Rev Stanl>v Liathxs 
P ost m ys, 6(t 


The Poems and Frasmenta of 

Catol lu e By RoamsoN Eu-is, Foap 


Philosophy in Sport made 

Sc ence n Earnest or NatunI Ph lo- 
sophy c Iciud by tho 1 oys and Sports 
of You h By Dr i abis Woodcuts^ 
heap 8vo 7» 6(1 

The Chirmed Roe, or, The 

L ii c Brother and S ttcr By Otto 
b cKiUk IllustratuuA i&mo 5s. 

Hymns in Prose for Children 

W Mrs Bardauld Illustrattoiu 
Fcap Bvo 

Fuss m Boots By Otto Speck 

m lllustnt ons. i6mo, is. 6d 

Self Help, with Illustrations 

of Conduct and Perseverance By 
Samuel Smiles Small 8 vo 6 « 

Character a Companion to 

** Self Help By SamOEl SmoM 
Small 8vo os 

Thrift a Book of Domestic 

CounaeL By Samuel Smiles. SmaU 
8 vo 

A Boy’s Voyage Round the 

World Illustrations By SAMUEb 
Bmiuv. Small Bvo, 6s 
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The Home & Colonial Library. 


Claw A-BIOGRAPHY HISTORY ttc 

1 Dnnkwater % Gibraltar 3 s. 

2 The Amber Witch 2s 

3 SouTHKV s Cromwell and Hun 

yui M 

4 Barrow s Sir Franc s Drake 2 s 

5 Br t sh Army at Wash n£^on 2s 

6 French n Algiers 2s 

fall of the Jesuits 2s 

Livonian Tales 2s 

9 Cond^ By Lord Mahon 3s 6<L 
la Sale s Br gade m AfT^hanistan 2s 
r I S eges of V enna 2s 

13 Milman s Ways de Cross 2s 

13 War of Liberal on m Germany 

3* i6d 

14 Gieig s Battle of Waterloo 3s 6d 

15 Stfffkns Adventures 1813 14 

ab 

16 Campbeli s Br t sh Poets 33 6d 

17 Essays. By Lord Mahon js 6d 

18 GleigsI feofLordChve 3s 6d 

19 Stokers and Pokers By Sir 

FKANCIS HkAD 9S 

aa Glbig s Life of Mtuiro 3s 6d 


Cla» B-VOYAGES and TRAVELS 

1 Borrow s Bible m Spun. 3s. 6d 

2 Borrow sGipsiesof Spam 3s, 6d. 

3 4. Hkber s Indian Toumals 7s 

5 Holy Land Irby & Mangles 33 

6 Hays Western Barbary 3 b. 

I etters from the Baltic 2s 
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10 Malcolm s Pers a 3s. 6d. 

11 Father R pa at 1 ekm 2S 

12 13 Melvii T E s Marquesas 7s;. 
14. Abboi s M ssionary in Canada. 3 s» 

15 Letters from Madras 3 S. 

16 St John s Highland Sports 3B.6d 

17 The Pampas SrF Head 2s 

18 Ford s SpTn sh Gatherings 3s. 6d 

19 Edwards R ver Amazon 2s. 

20 Aclani s Ind a. 23 

21 Ruxton sRockyMountaini 3s6d 

22 Carnarvon s Portugal 3s. 6d 

23 Haygarth s Bush I^e ai 
34 St John s Libyan Desert 2s 
25 Letters from Sierra Le<me. 38. 6d 


DB. WH SMITH'S AM0I3BNT ATX.AS. 


AN ATLAS OF ANCIENT GEOGRAPHY, Bibucal and Clasucal 
Intended to illustrate the Dictionary of the Bible and the * Dictionaries 
of Classical Ant q\ ty Compiled under the supenntendenoe of Dr 
WM SMITH and Mr GEORGE GROVE Folio, half bound, 6a. 


1 Ckomphical Systems of the Anc ents. 
i The \Varid as koown to tho Anc enU 

3 Empires of the BabytonJana Lydiam 

Modes and Pen ana. 

4 r« of Alexander the Great 

5f 4 K ogdoms of the SucceMors of Alex 
ander the Great 


7 t>« Kotaan Ei^re In ts greatest extent 
B The Roman Empire after its d vidon 
Into the Eastern and Western EmpircSt 
9. Creek and Phcenicwn Colonies 
BnUuuua. 

II HiipanuL 
la. OalluL 


13 Oefmom^Rhietui Norfeum. 

14 PsMmlL Titracia. Mgm a, lUyrht Dada. 

15 Italy 8ardin a, and Corsica. 
t& Italia Supenca 

IT llaha Xiifener 
ih PUaofRoina. 

19 EnnrQOS of Rome 

aa Qraeee after the Doric Mignuiost 
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Greece dur or the Persian Wars 
Greece durtiig the PetopondMoa War 
Greece during the Achssan League. 
Northern Greece 
Central Greece*^AtheBS. 
PeloponnMus.—With Plan of Sparta. 
Shores and Islands of the ACgean Sea 
Historical Maps of Asia Minor 
Asia M nor 
Arabia. 

Ind a 

Northern Part of AlHoiu 
A^gypt and iEthlopia. 

Kistoncal Mass or 5 » Holy Lend. 

36 The HolyLaad. Nor&and South. 
Jerusalem. Ancient and Modem. 
Envlraos of Jerusalem 
Si nai . 

Asia, loittuMrmU the Old Testament 
Mba to k&ustrate the New Testament 
43 Plans of Babylon Nlnrreht Ttdp, 
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Cook Se mons 16 

Cooper B Ch 8 

Comwa I 1 apeta S 

CowMr B Diary 6 

Craboe a L fe and Wo ks 33 
Crawfo d s Argo a 3 

C okcr’s C eog nphy 39 

— bto cs lor Ch Idrcn ao 
Crowe s Flcm sh Pa ntcr 7 x8 

--Ian ng n Italy 8 

- ■ 1 an 78 

Cumm og • South Afnca 9 
Cuayngmunc a Caucasus 10 
Curl ujr Wo kft a8 39 

Curzon s Monaste rs 9 

Cost s Annals of the Waxs5 • 4 
Darw n s Works 17 

Davy s Coosolat ons 7 

- Salmo a 35 

De Cosson s Blue N 1 * 0 

Denn s Etrur a 16 

De by * Homer 93 

Dorry s Bampton 5 

De Ko B Young Officer ai 
Deu sch s loin ud 8 

DUkc s Paperb of a Crit c ai 

s L fe 8 

——Uunne^ 34 

— Horse bhoc ng 

Ducangc s D cuonary 95 
Du Cha Itu tf Africa o 

Duffcrln fl H gh Latitude# x 
Duncoa s Art"lery 5 


Eabtlakk s Sttays 
Eldoji a Life 
Elgin B Letters 
ELUi s Madagascar 
— Men o r 
Elks B Catullus 
Elphinatone a Ind a 
Slphinstone s rumbig 
Elz^ Byron 
Essays on Cathedrals 


FBaQUBsoHB Architect 
tural Works xp 

Porinh B Ctcero 7 

-HorttoiittB BO 

— Ancient MonuscriM ai 

— Novels and NovoBsta ax 

—• SlavB Bi 

Fortune's China 8 

FosP Blogtaphui jurkhet 6 
Frere t India and Africa sx 

CALTOM't Art of Travel x* 
Oeogn^hkol Jottmol la 


Ccorges Mosel & Lore xi 
C bon s KoTTum Empire 3 
G fTards Na a Deeds 5 
Cl d tunc s Rome x6 

Cladstone s Mu cal Axt 31 

ClynnesCh dies of Kent ig 

Go dsra h 8 Wu ks 93 

Grey 8 W m IVth 7 

- Refo m 3 

C o c s H stones 3 

— Wo ks 30 

-Lfc 6 

O col a Christ an y 15 

Hal am s £ gland 4 

-M ddlo Age* 4 

-- L icrary jH lory as 

-Kema ns as 

Ha 1 s Engl si G ammar aS 

- P nt La n Book sS 

Ham on s uards 5 

Handbook of Ouotat ons aa 
Ha dbooksfo 1 ruvellcrs 19 X4 
Hat h s A otic so 

Ha I c on Scr pture 15 
Hood s Engineer aa 

-Bu goyne g 

— B boi^ from Nassau ii 

-Shall and Will ta 

Hebcr s Poet cal Works 15^ Bt 
Hcrscbel s Memo r S 

Hoi way fi Norway^ 11 

Home a d Col Lbrary 30 
Hook B Church D ct onary 14 
Hook s p'heodoro) Life 7 
Hope s Ahmedabaid 10 

— Worsl p ij 

Houg! tons Monographi 6 

-Poet cal Works 93 

Hume ft England 4 

Hotchiosoita Dog Break 

ng as 

Hutton X PHnapU Grmca eg 

Jacobson s Praw Book x6 
Jamesonftltal Panters 7x8 
Jennngs Feld Paths 9* 
Jervis s Gall lean Church 
Jesse 8 Gleanings 
lex Blake s Sennotu 
Johns Bl ^ People 
Johnsons (Dr) Lfe 

-E gluh Poets 

Jumos Handwiitlnf 


.1 

x6 

ta 

7 

■3 


Kbn a Life 

-ApesUos Creed 

Kerr** Country Ho ae 

Kng Edwi^ VflhB 

Grunmon 

K ng s CoUcfe Lecturas 
KifuFs Essayt 
Ktridi Choites the Bold 
Kirkts Phytlolm 
Mugler's Iuifaka%lwds 
» German Bcboois 

Laki s Modem EgyptUu 


6 

n 

•h 

IS 

4 

» 

tt 



32 


Index 


1 /awrence s Re nun sceocoi 8 

Layard ■ N neveh 9 

Lc^thes Heb Gra nmar 39 

Lc&l c % Hbk fu 1 m e 
1 cvi n Bnt sh Comme c 2 
L ddell A Run e 37 

L ndsay s b r sca In 
kcr pt oiu 9 

L p from Low Lat 
tudcs i 

Little Arthur 5 £ g^Ia d ao 

L V nir tone s Travels 
Ltoyeffc S c ly 3 

L k; I s C h a *; 

Lockha ts 6 pin &h Ba 
Uds 33 

Loudon ft < a don ng 35 

Lye II ■ Workfi 

Lyttons Jul an Fane 7 

M ClihtocK Arct c 
Seas I 

Ma dougall a Warfn o 
Maegre^o s Kub Roy 10 

MaetTner’s Eng Gram 33 

Mahon s Bel fconus 7 

Maine s (S r H ) Worki 30 

Moni^l s I ectures 5 a 

Manual Adtn 1 y 17 

Iboro gl Lo tor* 7 

Marco Polo s Travels 8 

MarkhftttifiH u es 9 

Markham $ Peru and Ind a 8 

Marrvat s Pottery 18 

Mattn XI G cek Gram 99 

Maynes Col mbta 1 

Mayo a Sport n Abytain a 9 

Meades New Zealand 10 

Mess oh (The 14 

M chel Angelo 7 19 

M II ngton^ Land of Ham 14 

M lls NabI s 10 

Milman s H stones 3 4 

—— Sl Paul s 5 

—— Chnstian ty 16 

—— Horace 7 93 

Mivart s Leasont from 
Nature »o 

Mongred cn s Trees 25 

Moore s L fc of Byron 7 

Moresby s New Guinea 10 

Mowmans Japan 8 

Motley's H stones 4 

Mouh^ ■ Siam 8 

Motifs PredesUnabon 13 

— Rcgenerat on 15 

Mtilrheu • Vaiu-de Vire 03 

Murchison s Silurla 16 

-Memoim 6 

Music and Dreaa 25 

Mustdfs Patagonians ix 

Napiks 8 English Battles 5 

Nares Arctic 11 

Nasmyths Moon t6 

Nauti^ Almanack 34 

Navy List 14 

New TesUksnent 14 

Newtbt Natural Philo. j 

st^y iv 

NBCMts* PUgrittifta n 

MuhoUs P^ Lm n 


N CO as H stor Peerage 5 
N od 3j 

No dl iT Comm n st c 
So c e n 

No o c Note Book 5 

Rfc A HWA TL. Ablro 

n 8 

Ow n Mode n A t llery 24 
xe ] s La n Elegiacs 99 


Pa gravk s Taxation 
—- B nk ng 
1 al e B Ita y 

-- Mo nc tu 

P k n s C neat Wc t 
J k} Aby n a 

I cck 1 *c h says 
Pc Mono 

pc cy Metallurgy 

II 1 u Wm hm th 

-- y k h ro 

Ph p i 1 e a^ F sayii 
Ph los yhy Sport 
Pick s Fren h D ct onary 
P pe * Wo ks 
1 u cr s I ama cus 
r ayer Book 
I vy Coun I J dgtnenU 
Puss Boots 


Q A KR V Rev cw 

Rae t Travels 
H bles n Syria 
Ranke Popes 
Rossam s Abyss n a 
Rawl nson s Herodotus 
—— A c cut monarch es 

-R ss a in the Last 

Reed s Sh pboiid ng et 
Rejected Addresses 
Rcnn es Peking &c 
Reynold • L fe 
R cardo a Works 
Robertsons Church Hw 
lory 4 

Robsons School Archl 
te ture <9 

Rob nson s Palest ne 10 

-Phys cal Geography 17 

— Alp no Flowers 35 

-W Id Garden sf 

-Sub Tropical Garden 15 

Rowland ■ Const tutloa so 

-Laws of Nature so 

St James Lectures 13 
Scert c sm hi Geology 17 
Schlemaans Troy and 
Mycenas 9 

Scott s Architecture xo 

Scott $ University Sermons xo 
Scrope s Central Fraaoo xj 
Selwya s Colloquies S3 
Shadows of SiA Room 15 
Shah of Persia s Diary xi 
Shaw s Taitary 8 

Shirley's Parks sg 

Simmons Cdart MartlM so 
Smdes Popular Biegts^ea 
and Works fc ( so 
Smiths DtetiooarUs % 3 


Sm th A Anc eat Atlas 30 

-Educational Course (3) 38 

-Smaller H stor es #7 

—— Anc cm H story 3 

homer lie ^ I fc 6 

- Phyi cal Sc ences Ac 16 

Spaid g s 7 ale of l<nthiof as 
Stanhope s Histones 4 

-I tt 7 

-M scellan es ax 

■ - ■ Retreat from Moscow ax 
Stanley sS no lo 

-H blc n Holy I^and 10 

-baatern Jew sh and 

Sco sh Chu h 

-Cante b ry 

-W n n^le Abbey 

-- S rm ns n East 

— Bp Memoir 
-Arnold 

— Cor nth ons 
S e hen B St Chrysoatom 
S 0 c for Cb Idrcn 
Street s Arch tccture of 
Spa n 

— A tecture n Italy 
S len •i Man als 14 37 
Styffc ^ Iron and Steel 
S rt ncHs L fc 
Swa rwi B Creeds v 
Sxviil B L fo 

Sybel s French Revolution 
Symonds Records of dis 
Rocks 


5 

4 

d 

I 

•9 

^9 

*7 

7 

*5 

7 

5 


*7 

Thiblsumm 8 Caocasiis xo 
Thoms Lo^evity • 18 

Thomsons Semuttt « 16 

T uan s LiU 

TocqucvUlet Prance 5 

Tomimson 1 Sonnet aj 

TozcFs Turkey A Greece 9 
1 nstram s Land ot Moah 10 
Twisleton 1 Tongue 18 
Tyler's Pnmittve Culture es 
Tylor'i History of Man 
Kind - er 

VAMasav's Travds 8 

Van LennsnsA^ Minor 9 
—^ BiUe Lands * sa 
Vatican Council to 

Wbicall s PrmcessChais 

lotta 7 

Well Dgton I Despatches s 
Whites Naval ArohUec 
ture X7 14 

WlbwforcesLifo 7 

W Uc luon I Egyptians 3 
Wilson sLlfcA Diary 1 
Wilson I Mtclwl Angelo 7 
WoodsOxus i 

Words of Human Wisdoa H 
Wordsworth s Athena 9. 
Wordsworth s Greece • so 

VouKG s LiviagitoaiA > a 
Yule f Mano Fbto B 

ttitcicaff Vxdtod SiMah ta 






I A R I 76 

IMPERIAL, AGRICULTURAL RESEARCH 
INSTITUTE LIBRARY 
NEW DELHI 


Dat« of issue 


Date of issue 


Date of issue 


